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ABSTRACT
Pearson, Monte L . , M.S., 1978 Geology
Carbonate Petrology of the "Upper Hasmark", Cambrian of 
Southwestern Montana (87 pp.) ^
Director:  James A. Peterson
Interpretat ions of the Cambrian "upper Hasmark" carbonate facies in 
southwestern Montana are based on data from 6 measured sections, 
more than 420 thin sections, and 1480 polished slabs.
In southwestern Montana, Cambrian carbonate deposit ion occurred 
across a subtidal she lf  area, while to the east la te ra l ly -equ iva len t  
t ida l  to supertidal carbonates of the Pilgr im and Park formations 
were deposited. This study divided the "upper Hasmark" into two 
un i ts ,  representing d i f fe re n t  depositional environments; phase (A) 
i n i t i a l  transgression across the shelf  by the Cambrian sea to the 
craton, phase (B) regression o f  the Cambrian sea o f f  the craton.
Phase (A) represents a transgressive subtidal phase during which 
extensive accumulations of algal stromatoli te beds and f in e ly  lamina­
ted carbonate mud were deposited. The facies re lat ionships,  patterns, 
and sediment accumulation were controlled by current energy and 
water depth.
Phase (B) represents a regressive phase, with in f lux  of  c la s t ic  
sediments from small pos it ive areas to the west. Westward-flowing 
streams also transported c la s t ic  sediment from the craton in to the 
Cambrian sea. This quartz blanketed the carbonate sediments of 
phase (A), producing the phase (B) low-energy sandy carbonate units.  
Minor amounts of laminated carbonate mud, algal s tromato l i tes, and 
carbonate in trac las ts  were also deposited.
Upper Hasmark sediments were al tered by s t y l o l i t i z a t i o n ,  dolomi- 
t i z a t io n ,  and cementation. Two stages o f  s t y lo l i t i z a t i o n  occurred. 
Early in the diagenesis and cementation h is to ry ,  horizontal s ty lo -  
l i t e s  developed, para l le l  to the carbonate lamination and algal 
s tromato l i te  laminations. The laminations, natural zones of weak­
ness, f a c i l i t a te d  the s t y l o l i te development, and served as a passage­
way fo r  high Ca/Mg solut ions. Abnormally high Ca/Mg solut ions, 
produced by d issolut ion of the carbonate sediments and decay of the 
algal sheaths, f a c i l i t a te d  early dolomit izat ion. Massive do lom it i ­
zation of the laminated boundstone and bedded algal boundstone was 
hindered by the network of early cementation and horizontal s ty lo -  
l i t e s .  The second phase of s t y l o l i te development was produced 
during la te  diagenesis, related to extreme overburden and intense 
tectonic a c t i v i t y .  This phase of s t y lo l i t i z a t i o n ,  ve r t ica l - in c l in e d  
(hor izonta l)  crosscutting and interconnected network, caused se­
lec t ive  massive dolomit izat ion of the "upper Hasmark".
i i
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CHAPTER I 
INTRODUCTION
The purpose o f  th is  invest igat ion was to define and in te rp re t  the 
depositional environments of the "upper Hasmark" member of the Hasmark 
Formation, Upper Cambrian, in southwestern Montana (Figs. 1 & 2).
Work completed by Tysdal (1970) formed a basis fo r  detailed study of 
the "upper Hasmark", and the l i tho fac ies  and l i th o lo g ie  units used in 
his work were employed whenever possible.
Hanson (1952, Plate 8) i l lu s t ra te d  the corre la t ion  between the 
Hasmark Formation of western Montana and the Meagher Formation, Park 
Shale, and the Pilgr im Formation of central Montana. The Meagher 
and Pilgr im formations are predominately limestone, and have received 
considerably greater study than the Hasmark which is a dolomite. This 
thesis study was undertaken as an attempt to determine i f  detailed 
pétrographie work would provide s u f f ic ie n t  information to make 
reasonable environmental in te rpre ta t ions of the Hasmark Formation.
Study Method
The "upper Hasmark" member, which includes the in terval between 
the Park Shale and the base of the Red Lion Formation (Fig. 3), was 
measured, sampled and described at six lo c a l i t ie s  in western Montana 
(Pig. 1 & Appendix B) during the summer and f a l l  o f  1972 and 1973. 
Field descriptions were somewhat generalized and were mainly fo r  the
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purpose o f  referencing outcrop samples to the th in  sections. The 
measured section descriptions in Appendix C were compiled e n t i re ly  
from th in  section and polished slab descriptions. Four hundred and 
twenty-one th in  sections and one thousand four hundred and eighty-one 
polished slabs were cut from two thousand four hundred and ninety 
f i e l d  samples, and the th in  sections were petrographically examined 
and described. Polished slabs were submerged in ten percent HCl, then 
bathed in Ĥ O and examined under a binocular microscope.
Dunham's (1962) c la s s i f ic a t io n  o f  carbonate rocks was used in 
th is  study. Table 1 shows th is  c la s s i f i c a t io n ,  which places major 
emphasis on depositional textures, sort ing and deposit ional fab r ic ,  
and minor emphasis on energy ind icators ,  cementation and recrystal 1iza t ion 
Dunham defined the term "mud" as carbonate crysta ls  of less than 20 
microns and "grains" as carbonate constituents of greater than 20 microns.
The following features were emphasized in th in section and slab 
examination:
a. Structure - lamination, burrowing, e tc .
b. Texture - re la t ionsh ip  of the dolomite rhombs to matrix
c. A lterat ions - such as do lom it iza t ion , s t y lo l i t e s
d. Algal Structures - mats, domes, columns
e. Mott l ing - solut ion e f fec ts ,  cementation
The measured section information combined with published information 
were used in the palinspast ic  considerations and in attempting to 
determine facies belts w ith in  the "upper Hasmark".
Method o f  L i th ofacies C orre la t ion
Strat igraphie corre lat ions and la te ra l  facies in te rpre ta t ions are
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Wolsey 
FIathead
_o
E
fO
(_ )
5
c
(D G1ossopleura
_Djarborn_ _ 
_Damnation_ S i lver  H i l l
CD
-o
"O
C7>
ftJ
00 Alberte l  la
Go_rd£n___
?
Flathead Flathead
o
c
Piaguria- 
P o l ie l la
Flathead
Fig. 3. Correlat ion chart fo r  Middle and Upper Cambrian rocks in Montana. Posit ioning 
of formation contacts is approximate because of l im i ted data and recent rev is ion of faunal 
zones. Sources o f  data include Howell and others (1944), Hanson (1952), McMannis (1955), 
Alexander (1955), McGill (1958), Kauffman (1963, 1965), Robinson (1963), Grant (1965),
Tysdal (1966, 1970), Deiss (1938), Maxwell (1959), Calkins and Emmons (1915), and th is  report.
<T>
normally based on established time horizons. Due to the dolomit izat ion 
of the Hasmark, establishment of faunal zones and detailed s tra t ig raph ie  
corre la t ions are not possible. However, using Walther's Law (e .g . ,  
Visher, 1965) which states that la te ra l  posit ioning o f  sedimentary facies 
tends to be s im i la r  to that of th e i r  ve r t ica l  superposit ion, an in te r ­
pretat ion of facies posit ion was possible.
Previous Work
Previous studies of the Upper Cambrian s t ra ta ,  including the 
Hasmark Formation, in southwestern Montana have been conducted by 
numerous authors. Most of these early works dealt with ore deposits, 
s t ructura l  considerations, plus general mapping, and only a few with 
the general s trat igraphy of the Hasmark.
W i l l i s  (1912) in a paper e n t i t le d ,  "Index to the Stratigraphy 
of North America" included a condensed discussion of the Cambrian of 
the Phi 1ipsburg area. This discussion was based on an e a r l ie r  manuscript 
on the ore deposits of  the area by Calkins (1911), who named the forma­
t ion .  Calkins' manuscript, however, was not published u n t i l  1913, and 
in the same year Calkins and Emmons (1915) published a f o l i o  which in ­
cluded a map and a discussion on the general s trat igraphy of the 
Phi 1ipsburg Quadrangle. The Hasmark Formation (Calkins, 1913), was named 
a f te r  a nearly abandoned settlement located about three miles southeast 
of  Phil ipsburg, Montana.
Clapp's (1932) map also includes part of th is  area. The Anaconda 
Company has an unpublished map, by Grimes and Rosenkranz (1919), reported 
by Maxwell (1965), that includes the study area, but was not available 
fo r  th is  present reporter.  The remaining parts of  the Phil ipsburg
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and Drummond areas were mapped during the la te  1950‘ s and early 1960's 
by Poulter (1958), Maxwell (1959), Gwinn (1961) and Kauffman (1963). 
Nelson and Dobell (1961) mapped the Bonner Quadrangle which includes some 
outcrops of the Hasmark. McMurtrey and others (1965) mapped the 
Missoula Basin which includes mainly Tert ia ry  and younger sediments. 
Wells, o f  the U.S.G.S., is current ly  mapping the Alberton Quadrangle, 
and the preliminary results are expected to be published in the summer 
o f  1974. Hall (1969) mapped the area generally south and southwest of 
the Alberton Quadrangle. Several areas of southwestern Montana have 
not yet been mapped in d e ta i l ,  so the p o s s ib i l i t y  remains that other 
outcrops of the Hasmark may yet be found. Hanson (1952) published a 
comprehensive report  on the Cambrian strat igraphy in southwestern 
Montana, and most subsequent studies have expanded on the basic material 
of his paper. Ear l ie r  work by Charles F. Deiss (1933, 1935, 1936, 1938) 
and others provided the i n i t i a l  foundations fo r  understanding the 
Cambrian strat igraphy of western Montana.
Cambrian Nomenclature
Cambrian rocks recognized in southwestern Montana are Middle and 
Upper Cambrian in age. In the study area, the Cambrian units from 
oldest to youngest are the Flathead Sandstone, S i lver H i l l  Formation, 
Hasmark Formation, and Red Lion Formation. Several corre la t ions have 
been proposed fo r  the Cambrian rocks o f  th is  and adjacent areas:
Emmons and Calkins (1915), Howell and others (1944), Lochman and 
Duncan (1944), Deiss (1939) and Lochman (1940). As paleontological 
information was added to Cambrian s t ra t ig raph ie  da ta , the corre la t ions 
proposed by Sahinen (1950) and Hanson (1952, 1957) were fu r the r  ve r i f ied  
and became more or less the standard fo r  la te r  invest igat ions. Lochman-
8a
Balk (1958) agreed with Sahinen and Hanson and her recent works have 
helped to update the standard. Figure 3 is a chart showing current 
usage of nomenclature in the study area and corre la t ions with other 
areas in Montana. The chart also shows the major faunal zones of the 
Cambrian and how they corre late with the Cambrian rock units.
The name, "Hasmark Formation", was assigned to the th ick  dolomite 
section of southwestern Montana at a time when Cambrian nomenclature 
and corre la t ion were as yet unresolved. At that t ime, the middle shale 
un i t  was thought to occur only lo ca l ly .  The work completed in th is  
thesis shows that the middle shale un i t  is found over most of  the study 
area and the rest of southwestern Montana.
The Montana Bureau of Mines and Geology has published a chart,  
"Strat igraphie Correlations fo r  Montana and Adjacent Areas" (1971), 
edited by C. A. Balster,  which provides the complete corre la t ion  of a l l  
rocks in Montana.
CHAPTER I I  
GENERAL CAMBRIAN STRATIGRAPHY
The basal Cambrian un i t ,  the Flathead Sandstone, rests unconformably 
on Precambrian s t ra ta .  Within the study area, the Flathead ranges from 
about 15 feet near Alberton, Montana, (Peterson, 1974, personal comment, 
and Ha l l ,  1969), to 100 feet th ick in the southeastern port ion. Light 
brown and various shades of purple are typica l colors. Grain size ranges 
from f ine  to coarse, but t y p ic a l l y  the Flathead is medium-grained 
(Hanson, 1959). Beds range up to 3 fee t ,  but beds of 6 inches to 1 foot 
are common and outcrops appear w e l l - s t r a t i f i e d .
In southwestern Montana the Flathead Sandstone is overlain by the 
S i lver  H i l l  Formation which is normally 250 to 350 feet th ick .  The 
S i lver  H i l l  consists of  three un i ts ,  a lower shale un i t  normally character­
ized by greenish-gray, f i s s i l e ,  micaeous shale containing a high percentage 
of interbedded limestone, and ranging in thickness from 100 to 150 feet.
At several locations worm tubes and loadcasts are observed. At the 
Alberton section the lower shale expands from the normal thickness of 
100 feet to over 300 feet.  The middle un i t  is a f ine  to medium bedded, 
medium to dark-gray dense dolomite approximately 100 to 150 feet th ick ,  
which also thickens at the Alberton section, to 247 feet.  The uppermost 
shale u n i t ,  about 50 feet th ick ,  is l i t h o lo g ic a l l y  s im i la r  to the lower­
most shale. The Hasmark Formation ranges from 1000 to 2000 feet  in 
thickness and forms massive c l i f f s  throughout southwestern Montana.
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L i th o lo g ic a l l y , i t  is a medium to th ick  bedded un foss i l i fe rous ,  l i g h t -  
gray weathering, medium-gray to dark-gray sacchroidal dolomite. The 
weathered surface is  extremely rough and p i t te d ,  and outcrops commonly 
show depositional features such as th in  laminations, algal laminations, 
intraformational conglomerates and small lenses of in t ra c la s ts ,  plus 
isolated occurrences of mott l ing. In fresh exposures the above features 
are not v is ib le .  The formation was divided by Emmons and Calkins (1915) 
in to three members, present as the type section at Hasmark, Montana, in 
ascending order as fo l lows:
Magnesium limestone, mostly blue-gray, about 550 feet th ick .
Calcareous shale, coal-black which ranges from 25 to 
100 feet in thickness.
Magnesium limestone, mostly white to cream white, about 
350 feet th ick .
Emmons and Calkins' informal members correspond witn the "lower",  
"middle", and "upper Hasmark" members which are characterized by the 
fol lowing general l i th o lo g ie  aspects w ith in the study area.
The "lower Hasmark" member ranges in thickness from 860 feet in the 
southern portion of the study area to approximately 1000 feet in th ic k ­
ness in the northwest. This member maintains a f a i r l y  consistent 
l i th o lo g ie  nature throughout the area, cha rac te r is t ica l ly  a medium to 
dark gray sucrosic dolomite, with local occurrences of i r re gu la r  chert 
lenses and f in e ly  c ry s ta l l in e  dolomite. At several locations the weathered 
surface shows very f ine  laminations which may represent s t rom a to l i t ic  
algal structures (Photo Plate 1 a & b). At some outcrops obscure textures 
such as o o l i te s ,  in t rac las ts  ar d̂ mott l ing can be observed. However,
11
because these and other textura l  and struc tura l  features are poorly 
expressed in the outcrop i t  is  very d i f f i c u l t  to make detailed outcrop 
corre la t ions at the present time. As pointed out la te r ,  pétrographie 
studies o f fe r  s ig n i f i c a n t ly  greater data with which to attempt such 
corre la t ions ,  especial ly  in the case of the carbonate members.
The "middle" member is a calcareous shale and s i l ts to n e ,  ranging 
in thickness from 40 feet to approximately 100 feet.  I ts  color varies 
from coal-black to rust-red at the Lower Willow Creek section to 
greenish-gray at Cramer Creek. The l i th o lo g ie  character is also quite 
var iable and according to Emmons and Calkins (1915), ranges from f ine  
s i l t y  dolomite with beds of greenish f i s s i l e  micaeous shale at Lower 
Willow Creek to the typical  greenish-gray, purpl ish-gray f i s s i l e  shale 
with lenses of carbonate at Cramer Creek and in the Princeton area.
At the Alberton section and Dry Gulch area near Nimrod th is  member is 
not exposed and may not be present.
The "upper Hasmark" member ranges from 484 feet in the northwestern 
port ion of the area to 375 feet in the southernmost sector, at the type 
section near Hasmark, Montana. The type section, as Emmons and Calkins 
(1915) s tate,  is not representative of i t s  general regional character­
i s t i c s ,  because only the outcrops in the area of Hasmark, Montana and 
Cable Mountain (F ig . 1) f i t  t h e i r  descr ip t ion. Because of a contact 
with igneous in trus ion at S i lver  H i l l ,  the un i t  has a s im i la r  appearance 
Throughout the rest of the area and in the extreme southwestern 
Montana, the "upper Hasmark" is a l i g h t  to medium gray, c l i f f - f o rm in g ,  
massive dolomite which from bottom to top is divided into the fo l lowing 
four id e n t i f ia b le  rock types.
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Fine to medium c ry s ta l l in e  dolomite.
This un i t  comprises the mass of the exposures of “ upper 
Hasmark*’ w i th in  the study area. I t  may comprise up to 
50% of any one section and range from 5 feet to over 
100 feet in thickness. Prominent th in  layers of  f in e ly  
laminated algal dolomite are commonly interbedded with 
the f in e ly  laminated, f ine  to medium, c rys ta l l in e  
dolomite, giving the sections a cyc l ic  appearance. The 
un i t  is a l i g h t  to medium ( lo ca l ly  dark) gray dolomite 
with generally no d is t in c t  surface textures or sedimentary 
features (Photo Plate 1 c).  Recurring features are "ca lc i te  
tw ig” type structures, chert and magnesium nodules (Emmons & 
Calkin, 1915 and Kaffmann, 1963), which are most prevalent 
at the Lower Willow Creek and Cramer Creek sections. The 
"ca lc i te  twig" type structures have been noticed by a l l  
Cambrian workers in western Montana, but th e i r  o r ig in  and 
id e n t i f i c a t io n  is s t i l l  unknown (Photo Plate I d ) .  At 
rare locations with in the un i t ,  f a in t  o o l i t i c  s tructures, 
mott l ing,  and f ine  laminations were observed. On weathered 
surfaces which were characterized by a rough and highly 
p i t ted  nature, th is  rock lo ca l ly  appears s im i la r  to that 
of both the f ine  laminated algal dolomite and f in e ly  
laminated, fine-medium, c ry s ta l l in e  dolomite, S ty lo l i te s  
could be id e n t i f ied  lo ca l ly  w i th in  the f ine  c rys ta l l in e  
dolomi te.
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2, Finely laminated algal dolomite.
This outcrop type is noticeable at a l l  measured sections, 
but is most prevalent at the Cramer Creek and Lower Willow 
Creek sections. This algal mat un i t  is traceable la te ra l l y  
fo r  the extent of the outcrop and is medium gray to tannish- 
yellow in color.  I t  consists of th in ly  laminated, wavy-bedded, 
algal units and underlying f ine-grained dolomite. Howe's
(1968) "planar s tromato l i te"  (Photo Plate 1 a & b) is a 
typical form found in most Cambrian strata throughout Montana 
and adjacent areas. The laminated algal un i t  in terva l ranges 
from less than a foot up to tens of feet in thickness. Contact 
between the wavy-bedded, algal un i t  and the underlying, f in e ­
grained dolomite is very d is t in c t  and quite sharp. Algal 
layers stand out in r e l i e f  and give the un it  a d is t in c t iv e  
d i f fe rent ia l ly -weathered outcrop appearance. At Cramer Creek, 
chert nodules, up to 2 feet long, and continuous beds are 
interbedded with the stromatoli tes. Algal structures in th is  
outcrop un i t  appear s im i la r  to those i l lu s t ra te d  by Gebelein 
and Hoffman (1968, 1973), Ginsburg and others (1954), and 
Kepper (1966, 1968).
3. Finely laminated-fine to medium c ry s ta l l in e  dolomite.
This outcrop un i t  is v is ib le  throughout the area. I t  occurs 
at random with in the sections and produces a rhythmic nature 
interbedded with the f ine  to medium c ry s ta l l in e  dolomite and 
f in e ly  laminated algal dolomite, mentioned above. Thickness 
ranges from 10 feet to over 100 feet.  I t  is l i g h t  to medium
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gray weathering, c ry s ta l l in e  dolomite, dark gray on fresh 
exposure. Laminations range from .1 to 5 mm and are 
generally traceable fo r  the length of each outcrop 
(Photo Plate 2 a), although at most locations sedimentary 
structures are also v is ib le  on fresh exposure. Local ly,  
some beds contain in t ra c la s t  chips of coarser c rys ta l l in e  
dolomite. The in trac las ts  appear as s t rom ato l i t ic  algal or 
f in e ly  laminated, f ine  c ry s ta l l in e  dolomite chips and occur 
in in t rac las t / in t ra fo rm at iona l  beccia beds only 1 inch to 
3 inches in thickness. Chert and magnesium nodules (Photo 
Plate 2 b & d) are present, and bedding is observed to extend 
through the chert nodules (Photo Plate 2 c).
4. Sandy c rys ta l l in e  dolomite.
This outcrop un i t  occurs only at the top of the "upper Hasmark" 
I t  ranges in thickness from 30 feet in the northwestern portion 
to 50 feet in the south, with best exposures located at the 
Six-Mile, Cramer Creek, Princeton and Dry Gulch lo c a l i t ie s .  
Outcrops generally are o f  l i g h t  yellow-tan to pale reddish- 
brown, medium c ry s ta l l in e ,  sandy dolomite. Local ly ,  quartz 
grains appear to f l o a t  in the dolomite matrix, resu lt ing in 
a rough and d is t i n c t  surface texture with no apparent bedding. 
When bedding does occur, i t  ranges from 2 to 10 cm and is 
traceable la te r a l l y  only a few feet.  Local ly, th in  laminations 
of  f ine  to medium quartz grains stand in r e l i e f  over the 
c ry s ta l l in e  dolomite (Photo Plate 3 a). In the top port ion 
of th is  l i th o lo g ie  u n i t ,  s i l t  and shale become dominant.
15
The Red Lion, which overl ies the Hasmark throughout the area, can 
be divided in to two members. The lower limestone member is a drab or 
blue-gray si l iceous limestone which weathers to a rust-red. The deep 
reddish-purple s i l iceous layers of th is  un i t  contrast sharply with the 
l i g h t  to medium gray nonsi1iceous layers giving the un i t  a banded or 
well bedded appearance. The upper "Shaly Member" of Emmons and Calkins 
(1915), la te r  named the Dry Creek Shale by Lochman (1950), is lo ca l ly  
a coal-black shale of f ine-grained texture, but with in  the study area 
is a l i g h t  tan f i s s i l e  shale with local lenses of limestone. Hall
(1969) describes an unnamed dolomite un i t  above the Red Lion Formation 
west of  Missoula which has not been reported at other lo c a l i t ie s  in 
southwestern Montana.
Geologic History During "Upper Hasmark" Deposition
The major part of  the Hasmark dolomite was deposited in the Cor- 
d i l le ra n  miogeosyncline which was dominant during most of Paleozoic 
time. According to Krumbein and Sloss (1963, p. 418), "the Cordil leran 
miogeosyncline is characterized by a series of a l te rnat ing negative 
marginal basins and m i ld ly  pos i t ive  marginal u p l i f t s . " .  During 
Middle and Upper Cambrian time central and eastern Montana and adjacent 
areas were the s i te  of a broad stable shelf .  The miogeosyncline bordering 
th is  area, to the west, extended through northwestern to southcentral 
Idaho, and southward. During the Dresbachian, the shoreline was s tab i l ized  
in the eastern Dakotas. According to Lochman (1957), sedimentation was 
slow, and shoals and small low islands were prevalent, especial ly  in 
south-central Montana and western Wyoming. Straddling the Montana,
Idaho and Canadian borders during th is  time was "Montana Island" a
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posi t ive  area named by Walcott (1915), and la te r  renamed "Montania" 
by Deiss (1941). According to Palmer (1969) an "outer d e t r i t a l  be l t "  
was located in south-central Idaho and was apparently a source area fo r  
c la s t i c  sediments during the Middle and Upper Cambrian. On the craton 
margin or outer she l f ,  immediately landward of the hinge l ine ,  carbonate 
sedimentation was generally dominant during deposition of the "upper 
Hasmark". Stromatolite banks and associated lagoons dominated th is  
outer shelf  area. According to Lochman-Balk (1970), lagoons varied in 
depth from shallow to moderate (3-100 m.) and were crossed by subtidal 
channels. Lagoon f loors were not exposed fo r  prolonged periods of 
subaerial exposure and desiccation structures have not been found w ith in  
the "upper Hasmark". Deposits of lime mud and faecal pe l le ts ,  and large 
areas of algal mat growth covered the lagoon f loo rs .  This environment 
produced a rhythmic interbedding of the fol lowing major rock types; 
f inely- laminated algal dolomite, f ine ly- laminated, fine-medium 
c rys ta l l in e  dolomite, and medium bedded, f ine  to medium c rys ta l l in e  
dolomi te.
During the la te r  stage of "upper Hasmark" deposition an in f lu x  of 
e las t ics ,  including quartz sand, occurred and intermixed with the 
carbonate sediments. According to Palmer (1971), th is  c la s t ic  sediment 
was derived from the "outer d e t r i t a l  b e l t " ,  a small posit ive area in 
south-central Idaho. The Cambrian sea was apparently in a progressive 
stage of regression at the close of the Dresbachian.
Lochman-Balk (1970) published a series of paleogeologic environ­
mental maps of each of the major fauna 1 zones of the Cambrian of North 
America. These maps are included in Appendix D along with her l i th o lo g ie
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descr ip t ions, and environmental in te rp re ta t ions ,  fo r  the four faunal 
zones that  re la te  to the "upper Hasmark". Lochman-Balk‘ s maps provide 
a useful framework as background fo r  the type of detai led deposit ional 
analysis attempted in th is  thesis study,
Palinspastic Consideration
Post-deposit ional s tructura l  movements must be considered in 
reconstructing the deposit ional geometry of the "upper Hasmark" member. 
In t r ic a te  fo ld ing along with compression and s t r i k e - s l ip  fa u l ts ,  plus 
thrust  plates charac te r is t ic  of southwestern Montana have displaced 
some of  the outcrop sections eastward as much as twenty miles or possibly 
more. Several thrust  plates are present in the area around Hall and 
Phi l ipsburg, Montana with in the Phil ipsburg Thrust and Georgetown 
Thrust (Fig. 4), which has a northeastward d i rec t ion  o f  movement 
(Scholten, 1957).
Scholten (1957) proposed that some thrust ing or overr id ing of the 
plates in the Phil ipsburg and Georgetown Lake area resulted from grav i ty  
s l id ing  of plates o f f  the Idaho Bathol ith during emplacement. Talbot 
(1973, personal comment) supports th is  overr id ing theory.
A series of s t r i k e - s l ip  fau l ts  are present in the Alberton and Six 
Mile areas and southeast to the Drummond area, whose movement is to the 
northwest. This be l t  of fau l t ing  has been named the Montana Lineament, 
the southern side of which has moved toward the southeast. The Montana 
Lineament forms the major trend, but the p o s s ib i l i t y  of addit ional 
movement on both sides is  considerable and highly probable (Fig. 4).
The amount of movement along th is  s truc tura l  element has not been 
precisely measured, and the la te ra l  movement includes some thrust ing 
components.
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In constructing the palinspast ic  map (Fig. 5) the sections associated 
with the Phil ipsburg Thrust and Georgetown Thrust, (Lower Willow Creek, 
Princeton and Hasmark sect ions), have been relocated twenty miles to the 
southwest. Outcrops located along the Montana Lineament, (the Alberton, 
Cramer Creek, and Six Mile sect ions), have been relocated twenty-f ive 
miles to the northwest (Fig. 5). The palinspastic  isopach map of the 
"upper Hasmark"-PiIgrim un i t  includes the sections measured during the 
study, and in addit ion those published by Hanson (1952), Hall (1969), 
and Tysdal (1970) were used as control points fo r  the reconstruct ion.
The sections west of the eastern l im i t  of the Disturbed Belt were 
s im i la r ly  relocated.
The palinspastic  work resu lt ing in the isopach map (Fig. 5) broadens 
the craton in a westerly d i rec t ion ,  plus a broadening out of the "upper 
Hasmark"-PiIgrim un i t  isopach map of southwestern Montana published by 
Hanson (1952). Reconstruction of the geometry of the western port ion 
of the craton shows the area of sedimentation to be larger than previously 
considered.
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CHAPTER I I I  
LITHOFACIES OF THE "UPPER HASMARK"
The following l i tho fac ies  were id en t i f ied  solely from thin sections 
with no reference to f i e l d  l i th o lo g ie s ,  although there was some corre la t ion 
noted between the two (discussed under Cambrian Strat igraphy, p.9 ).
Only f iv e  id e n t i f ia b le  l i tho fac ies  of the "upper Hasmark" were noted in 
the study, the l im ited number probably related to the obscuring of 
o r ig ina l  sedimentary features by do lomit izat ion. Two other units are 
id e n t i f ia b le  from the th in  section work, but because of the extent of 
recrystal 1iza t ion ,  th e i r  o r ig ina l  nature was indecipherable. The 
id e n t i f ia b le  l i tho fac ies  are described, and th e i r  environment and 
s tra t ig raph ie  posit ion are discussed below (Figs. 6 & 7).
In t ra c la s t ic  Crys ta l l ine  Dolomite--Rocks of th is  l i tho fac ies  are 
comprised mainly of f ine  to medium c rys ta l l in e  dolomite (30 to 100 microns) 
with minor amounts of f ine  quartz sand. The in t rac las ts  appear as 
laminated units normally with patches of quartz sand ranging from 0.1 
to 1.0 mm,. Fine to medium sized dolomite rhombs appear in the matrix 
and are overgrowing the crystal mosaic. The clasts are chips of f in e ly -  
laminated dolomite and algal boundstone (Photo Plate 3 b). They range in 
size from 0.5 to 1.5 cm. and are normally subrounded.
Environment--This l i th o fac ies  is interpreted as subt ida l,  occurring 
e i ther  near wavebase, or as storm deposits. The quartz sand occurs in
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patches or lenses and is subangular to round and is larger sized than 
the quartz sand of the other l i th o fac ies .  Also» the associated f in e ly -  
laminated in t rac las ts  could not conceivably have remained in tac t  i f  
transported any distance by strong currents. The poorly sorted nature 
o f  the l i tho fac ies  helps to support th is  in te rp re ta t ion .
Strat igraphie posit ion--This rock type is always associated with 
rocks of the laminated boundstone or algal boundstone l i th o fac ies .
Figures 6 and 7 show the interpreted facies pattern.
Sandy-Laminated Crys ta l l ine  Do1omite--Thin laminations of s i l t  and 
sand size quartz occur in a matrix of f ine  to medium (30 to 100 microns) 
c rys ta l l in e  dolomite (Photo Plate 4 a). Randomly, c lear rhombs of 
dolomite occur overgrowing the c ry s ta l l in e  dolomite mosaic (25 to 75 
microns). S ty lo l i te s  are common and dolomite crysta ls decrease in size 
as the distance increases from the s t y lo l i t e s .  The quartz grains are 
subround to round.
Environment--The environment postulated fo r  rocks of th is  l i t h o ­
facies is subtidal to in te r t i d a l .  The re la t ionsh ip o f  quartz and 
laminations is s im i la r  to that which Kendall and Skipwith (1969) described, 
associated with in te r t id a l  f l a t s  and stromato l i te  mat algae from the 
Persian Gulf area. The lack of desiccation features with in the l i t h o ­
facies supports i t s  posit ion near the top o f  the subtidal zone and/or 
near the base o f  the in te r t id a l  zone. The mixture of quartz grains 
re f lec ts  high energy condit ions and/or rapid deposit ion (Tysdal, 1970). 
Energy changes could be a re f le c t ion  of t id a l  a c t i v i t y ,  but generally 
below normal t ida l  range.
Strat igraphie pos i t ion--This  facies is normally associated with the 
laminated boundstone l i th o fac ies  (Figs. 6 & 8).
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Laminated Boundstone Crysta l l ine  Do1om1te--The dolomite of th is  
l i th o fac ies  ranges from f ine  to medium (30 to 100 microns). Laminations 
are 0.1 to 1.0 cm. th ick and are a l te rnat ing l i g h t  to dark tan in color,  
with medium crysta ls occurring in the l i g h t  colored laminations (Photo 
Plate 4 b). Dolomite rhombs and the c rys ta l l in e  mosaic show the same 
overgrowth re la t ionsh ip  as the other l i th o fa c ie s .  S ty lo l i te s  fo l low 
the laminations and clear medium dolomite crysta ls  are associated with in 
them (Photo Plate 4 b). Occasionally, f ine  quartz sand and pe l le ta i  mud 
occurs and follows the lamination (Photo Plate 5 a). Often, calcisphere- 
l i k e  features are id e n t i f ia b le  (Photo Plate 5 b).
Environment--A subtidal o r ig in  is postulated fo r  th is  l i th o fac ies .  
Condit ions, t rans i t iona l  from s l i g h t l y  oxid iz ing to s l i g h t l y  reducing, 
are suggested by the color d i f ference. According to P. Hoffman (personal 
comment to Winston, 1973), the laminations could also represent a pa r t icu la r  
s tromato l i te  algal form with a s t icky mucilaginous sediment-trapping 
sheath which results  in the rapid accumulation of a re la t iv e ly  th ick 
laminae. Eventually, however, the rapid sedimentation rate,  along with 
bottom trac t ion  and abrasion by pa r t ic le s ,  exceeds the tolerance of the 
s tromatoli te algal form and carbonate mud deposit ion supervenes. The 
movement of sediment could be related to wavebase and proximity to sub­
t id a l  channels, as described by Gebelein (1969). The lack of desiccation 
features provides addit ional support fo r  subtidal deposit ion. Winds or 
sealevel f luc tuat ions  could have caused the var ia t ion  in in f lu x  of 
bottom sediments.
Strat igraphie posit ion--This  rock type is  always associated with the 
algal boundstone. The posit ion ing w i l l  vary due to the forementioned 
factors. Figures 6 and 7 show the interpreted facies patterns.
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Bedded Algal Boundstone--Th1s l i th o fac ies  is composed of th in  f in e ­
grained dolomite beds of s tromato l i te  mat algal (Photo Plate 6 a). The 
dolomite is a f ine  mosaic with only occasional rhombs. The laminations 
range from less than 0.5 to 4.0 mm.. Laminations are wavy, but domes or 
column structures are not present. Fine-grained quartz sand and small 
in t rac las ts  of f ine  c ry s ta l l in e  dolomite are interbedded with the mat 
algae. Horizontal s t y lo l i t e s  are closely associated with the stromato­
l i t e s  (Photo Plate 6 a).
Environment--The Algal boundstone l i tho fac ies  of the "upper Hasmark" 
is charac te r is t ic  o f  l i tho fac ies  forming presently in the subtidal zone 
(3 to 25 fee t)  in the Bermudas (Gebelein, 1969; Neumann, Gebelein and 
Scoff in ,  1970). Most algal workers have studied supertidal and in t ra -  
t ida l  forms and th e i r  re la t ionsh ip to the dolomite problem, and only 
recent ly have e f fo r ts  been directed toward the subtidal algal mats.
Surface sediments in the subtidal algal zone may be bound into a 
cohesive mat, and in some locations three or four mat layers occur, one 
on top of the other (Gebelein, 1969). "Upper Hasmark" algal mat structures 
are f l a t  or gently undulating, and in th is  respect are very s im i la r  to 
those described by Gebelein from modern subtidal environments. According 
to Bathurst (1971), the mats cover stable bottoms and have a high degree 
of cohesiveness and primary cementation allowing them to break into f l a t  
chips, some of which exceed 1 inch in diameter. In the subtidal facies 
in Bermuda the mat algal forms are dominant over the dome and b iscu i t  
forms. In the Hasmark only mats are present, suggesting that surface 
current and sediment movement exceeds the tolerances of the other forms, 
Gebelein (1969). The stromatoli tes of th is  l i tho fac ies  may not have
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st icky  mucilaginous sheaths, so sediment was not trapped, and mat 
growth is purely algal sheaths. As the sediment in f lux  increased due 
to lower sea leve l ,  storms, e tc . ,  the nonsticky species tolerance was 
reached.
Strat igraphie posit ion--The algal boundstone is generally in close 
association with the laminated boundstone l i tho fac ies  (Fig. 6).
Sandy Crys ta l l ine  Dolomite--Rocks of th is  l i tho fac ies  conform to the 
descr ip tion o f  Tysdal (1970). Dolomite comprises 40-60%, with quartz 
40-50% and small amounts of feldspar and hematite. Tysdal reported 
fo ss i l  fragments from th is  l i th o fa c ie s ,  but probably because of the 
do lomit izat ion,  none were observed in my rocks. Dolomite crysta ls  range 
from f ine  to medium (30 to 125 microns), and the quartz grains are of sand 
size. The quartz sand is subangular to rounded (Photo Plate 4 a).
Environment-“ The environment in ferred fo r  th is  l i tho fac ies  is sub­
t id a l  to in te r t id a l .  Like those of Tysdal (1970), the sediments are 
poorly sorted, and contain quartz sand with local in t rac las ts .  The f ine  
to medium grained dolomite in t rac las ts  occur in a matrix of medium 
c rys ta l l in e  dolomite. This suggests deposit ion in an environment that 
f luctuated from low to high energy condit ions.
Strat igraphie posit ion--This  l i th o fac ies  occurs only at the top of 
the "upper Hasmark", and is Phase B deposit ion. Figures 6 and 7 show the 
interpreted facies patterns.
Recrystall ized Dolomite--Dolomite crysta ls are generally subhedral 
to euhedral in shape, ranging from f ine  to coarse (30 to 200 microns). 
Rhombs of dolomite are f ine  to medium (40 to 80 microns) and a l l  have 
clear in te r io rs .  Rhomb to crystal re la t ionsh ip  produces a t i g h t l y  i n te r ­
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locking mosaic (Photo Plate 6 b). Some of the rhombs are overgrowing 
dolomite c rys ta ls .  This re la t ion  exists where the dolomite crystals  are 
small in size. Locally, quartz sand occurs ranging from s i l t  to medium 
sand (30 to 300 microns), which is subangular to rounded and tends to 
form laminae in the non-laminated dolomite. S ty lo l i te s  regular ly  occur 
w i th in th is  u n i t ,  occasionally producing a lamination e f fec t .  Local ly, 
lamination appears as a re f le c t ion  o f  d i f fe re n t  dolomite crystal size 
(Photo Plate 7 a).
Environment--As a resu l t  o f  the complete re c ry s ta l l iz a t io n  of the 
rocks of the un i t  the environmental posit ioning is impossible.
Strat ig raphie p o s i t io n - - I t  occurs randomly in ver t ica l  section.
Granular Mottled Dolomite--Dolomite also dominates th is  un i t  and is 
generally subhedral to euhedral in shape ranging from f ine  to coarse 
(30 to 200 microns). The rhombs of dolomite are randomly occurring and 
generally appear to overgrow the c ry s ta l l in e  dolomite. The mottled 
(Photo Plate 7 b) nature of th is  un i t  sometimes forms e i ther  as a resu l t  
o f  the s t y lo l i t i z a t i o n  or as changes in the size re la t ionsh ip of the 
dolomite crysta ls .  Quartz sand is also id e n t i f ied  in th is  un i t .
Environment--The extent of the dolomit izat ion and s t y lo l i t i z a t i o n  
of rocks o f  th is  un i t  prevents id e n t i f i c a t io n  of the environment of 
deposit ion.
Strat igraphie pos i t ion--L ike  the rocks o f  the recrystal 1ized l i t h o ­
facies, i t  occurs randomly, but normally is associated with the re- 
c rys ta l l ized  dolomite.
CHAPTER IV 
PHASES OF DEPOSITION
To demonstrate the la te ra l  l i tho fac ies  re la t ionsh ip (Figs. 6 & 7), 
the "upper Hasmark" was divided in to two in terva ls  that represent phases 
of deposit ion: (1) Phase A, (Cedaria and Crepicephalus faunal zones)
representing the i n i t i a l  phase of transgression of the Cambrian seas 
across the craton from the outer shelf  to the inner shelf  u n t i l  maximum 
transgression was reached. (2) Phase B, (Dunderbergia and Aphelaspis 
faunal zones) at which time the seaway regressed from the inner shelf  
to the outer shelf  area. These form faunal zones are not recognizable 
in the Hasmark, probably because of do lomit izat ion,  and are used here 
fo r  a s tra t ig raph ie  framework only. The "upper Hasmark" phases of 
deposition are correlateable to Lochman-Balk's (1970) transgressive and 
regressive phases of sedimentation (Appendix D) by the occurrences of the 
Sandy Crysta l l ine  Dolomite at the top of the member, and because general 
accuracy and not absolute is the design of the phases.
Phase A
During Phase A (Fig. 6), the Cambrian seaway started to transgress 
from the craton (west to east) at the beginning of the Cedaria faunal 
zone. According to Lochman-Balk (1970), maximum transgression was 
reached during the time of  the Crepicephalus zone. Throughout th is  phase, 
the study area was a subtidal zone o f  deposit ion and the l i tho fac ies
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B e d d e d  A l g a l  
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L a m i n a t e d  B o u n d s t o n e  
t a l l i n e  D o l o m i t e
I
L a m i n a t e d
Dolomite
Phase A
NAME ENVIRONMENT LITHOLOGY CHARACTERISTICS THICKNESS
Sandy 
Crystal 1ine 
Dolomi te
In te r t id a l
to
Subtidal
Dolomi te 
with 
Quartz Sand
Medium Mosaic of 
Dolomite, with 
Quartz Sand, 
Locally Laminated
23-50 f t
Sandy 
Lami nated 
Crystal 1ine 
Dolomite
Subtidal
to
In te r t id a l
Dolomite 
wi th 
Quartz Sand
Thin Laminations 
of Quartz in 
Dolomite Matrix 
Dolo, Rhombs, 
Quartz Subr-round
1-3 f t
In te rc las t ic  
Crystal ! ine 
Dolomi te
Subtidal
Dolomite
Mosaic
Laminated and 
Algal Chips w/ 
Quartz Patches
1-5 f t
Laminated 
Boundstone 
Crystal l ine 
Dolomi te
Subtidal
Dolomite 
Mosaic w/ 
Minor 
Quartz
A1ternating 
Lamination of 
Dolomite Mosaic 
Laminations Wavy 
and Fine Quartz 
Sand
1-50 f t
Bedded
Algal
Boundstone
_ _ -j
Subtidal
Dolomi te 
Mosaic
Thin Way Stoma- 
t o l i t e  Algal 
Laminations with 
Some Chert
1-25 f t
l i tho fac ies ,  using Walther's Law (see text  p . 7 ),  modified from Tysdal (1970)
sandy laminated 
c ry s ta l l in e  dol
laminated
boundstone
ndy 
crysta l  1i ne 
dolomi te
Phase B
NAME ENVIRONMENT LITHOLOGY CHARACTERISTICS
THICK­
NESS
SANDY
CRYSTALLINE
DOLOMITE
INTERTIDAL
TO
SUBTIDAL
DOLOMITE 
WITH 
QUARTZ SAND
MEDIUM MOSAIC OF 
DOLOMITE, WITH QUARTZ 
SAND, LOCALLY LAMINATED
23-
50ft
SANDY
LAMINATED
CRYSTALLINE
DOLOMIRE
SUBTIDAL
TO
INTERTIDAL
DOLOMITE 
WITH 
QUARTZ SAND
THIN LAMINATIONS OF 
QUARTZ IN DOLOMITE 
MATRIX DOLO. RHOMS, 
QUARTZ SUB-ROUND
1-
3 f t
INTERCLASTIC
CRYSTALLINE
DOLOMIRE
SUBTIDAL
DOLOMITE
MOSAIC
LAMINATED AND ALGAL 
CHIPS W/QUARTZ 
PATCHES
1-
5f t
LAMINATED
BOUNDSTONE
CRYSTALLINE
DOLOMITE
SUBTIDAL
DOLOMITE 
MOSAIC W/ 
MINOR 
QUARTZ
ALTERNATING LAMINATION 
OF DOLOMITE MOSAIC 
LAMINATIONS WAVY AND 
FINE QUARTZ SAND
1-
50ft
BEDDED ALGAL 
BOUNDSTONE
SUBTIDAL
4
DOLOMITE
MOSAIC
THIN WAY STOMATOLITE 
ALGAL LAMINATIONS 
WITH SOME CHERT
1-
25ft
Fig. 7. Interpreted la te ra l  facies re la t ionsh ip  compiled from thin 
sections, l i th o fa c ie s ,  using Walther's Law (see tex t ,  p. 7), 
modified from Tysdal (1970).
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patterns (Fig. 6) migrated back and fo r th  across the region because of 
f luc tua t ions  in current ve loc i ty  and/or sediment in f lu x .  The sedimentary 
environments were constantly f luc tua t ing  as indicated by the in te r ­
re la t ionsh ip  between laminated boundstone, bedded algal boundstone, 
sandy laminated c ry s ta l l in e  dolomite and in te rc la s t ic  c rys ta l l in e  
dolomite (Figs. 6 & 7). According to Gebelein (1969), some of  the 
modern algal mats, occurring in Bermuda, appear and disappear weekly, 
but the deeper water algal facies are generally of a permanent nature.
The deeper subtidal zone algal mats have a substantial accumulation of 
s t rom ato l i t ic  mater ia l ,  whereas those in shallower water or affected 
by moderate to strong currents,  and/or areas of high bottom trac t ion  
have only th in accumulations. Due to the above mentioned factors,  the 
subtidal f lo o r  l i th o fac ies  were constantly migrating back and fo r th .
Phase B
During Phase B (Fig. 7 & Appendix D) the Cambrian seaway was re­
gressing o f f  the craton (east to west) making the close of the Dresbachian 
of western Montana. Accompanying th is  regression, small posit ive areas 
to the west were exposed and shedding c la s t ic  sediment, which migrated 
into the study area during th is  phase. Nevertheless, some of the c la s t ic  
sediments also could have been derived from the craton by westward 
flowing streams draining the craton.
This in f lu x  of quartz sand resulted in a blanketing e f fec t  which 
increased the e f fec t  of t rac t ion  and abrasion by bottom sediment, and 
exceeded the tolerance of stromato l i te  algae (Fig. 7). As the Cambrian 
seaway regressed, the t id a l  zone also regressed causing an increase in 
energy environment thus producing the sandy carbonate deposit ion.
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CHAPTER V 
ALTERATIONS
For s im p l ic i ty  the a l te ra t ions ,  which occurred during diagenesis 
o f  the "upper Hasmark", are treated in three d is t in c t  sections, but 
in r e a l i t y  they are in te r re la ted  events. They are s t y lo l i t i z a t i o n ,  
cementation and do lomit izat ion,  not necessari ly occurring in the 
above stated order.
S ty lo l i t i z a t i o n
S ty lo l i te s  are general ly defined as a form of i r regu la r  discon­
t i n u i t y  surface between or w i th in  rock un i ts .  According to Park and 
Schot (1968 a) the word " s t y l o l i t e "  comes from the Greek word "s ty lus" 
which refers to columns and/or pyramids. S ty lo l i te s  can be confined to 
bedding planes or may transcend the whole rock. A s t y lo l i t e  is a 
complex interface between two rock units which appear to be inter locked 
and/or mutually related along th is  in ter lock ing structure. Commonly 
insoluble residues remain on the surface and form seams composed of 
carbonate-rich clay materia l .  Clear dolomite rhombs, associated with 
th is  solut ion process, are a recrystal 1iza t ion phenomenon due to 
chemical factors caused by changes in the physical parameters, causing 
pressure-solution to develop. According to Bathurst (1971) th is  
process of pressure-solution depends upon the decrease of s t ra in  in 
the grain or lamination surface away from the place of contact. Such
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features as m ic ro s ty lo l i te s , and wavy clay seams in carbonate rock, 
are a resu l t  of the accumulation of insoluble material during d isso lu­
t ion  o f  the rock.
— ' V V ' Y ' V v ^
Horizontal Interconnected
Network
Vert ical - inclined 
(Horizontal) Crosscutting
Fig. 9. C lass i f ica t ion  of s t y lo l i t e s  in re la t ion  to the bedding 
plane. Modified from Park and Schot 1968, a. and b.
Park and Schot (1968 a & b) state tha t ,  "S ty lo l i t e  features are 
defined in terms of rock-grain fab r ic  re la t ionsh ips:  intergranular and 
aggregate s t y lo l i t e s  are d i f fe re n t ia te d . "  According to Park and Schot's 
(1968 a) genetic descr ip t ion c la s s i f ic a t io n ,  in which they consider the 
deviation of the s t y lo l i t e s  from the bedding plane, two types are 
d i f fe ren t ia ted  in terms of formation time: (1) diagenetic s t y lo l i t e s ,
which or ig inate during early  or la te  diagenesis, and (2) tectonic 
s t y lo l i t e s ,  which occur during tectonism of the host rock. The "upper 
Hasmark" contains three of the six d i f fe re n t  s t y l o l i t e  forms described 
by Park and Schot (1968 a),  horizontal (Fig. 9a), interconnected network 
(Fig. 9 b), and ve r t ic a l - in c l in e d  (hor izonta l)  crosscutting (Fig. 9 c).
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The horizontal forms observed in th is  study occur in laminated 
c ry s ta l l in e  dolomite, algal boundstone and laminated c rys ta l l in e  
dolomite. The amplitude or height of the " f in g e r t ip s "  of a s t y l o l i t e  
is generally confined to one laminae (Photo Plate 7 a ) .  The in te r ­
connected network s t y lo l i t e s  occur predominately in the rocks of the 
in t ra c la s t i c  c ry s ta l l in e  dolomite l i th o fa c ie s .  Dominant forms in the 
recrysta l ized and granular mottled dolomite units are the " v e r t ic a l -  
incl ined (hor izonta l)  crosscutting" and "interconnected network" types 
(a & b). The nature of th is  form of s t y lo l i t e  gives some of the rocks 
a breciated appearance (Photo Plate 8 a). Some of the granular dolomites 
appear laminated because of the interlayered re la t ionsh ip that exists 
between f ine  and medium c ry s ta l l in e  dolomite. This crystal layering 
could have been formed by second generation s t y lo l i t i z a t i o n  which was 
superimposed over f i r s t  generation horizontal s t y lo l i t e s  (Photo Plate 
8 a). Rocks of these units appear mottled, but again th is  appearance 
is related to the s t y lo l i t i z a t i o n  (Photo Plate 8 b ) .
Horizontal s t y lo l i t e s  (Fig. 9 a, Photo Plate 4a) are generally 
para l le l  or nearly pa ra l le l  to the bedding of the rock. According to 
Park and Schot (1968), horizontal s t y lo l i t e s  are generally not produced 
or affected by tectonic  a c t i v i t i e s .  The con tro l l ing  factor  in th e i r  
development, according to Rigby (1953), is the or ienta t ion of the l inear 
stress axis which is generally v e r t i c a l ,  being a simple fac tor  of over­
burden. Dunnington (1967, from Bathurst, 1971) has found the horizontal 
s t y lo l i t i z a t i o n  process operative in which limestone is buried only 
300 m., Schlanger (1964), who found horizontal s t y lo l i t e s  in the A l i fan  
Limestone of Guam which had not been buried by overburden greater than
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90 m., suggested that the special s u s c e p t ib i l i t y  of  micr i tes and algal 
boundstones to pressure-solution may be related to th e i r  re la t iv e ly  
high clay content. Both o f  these study areas have undergone only 
re la t i v e ly  minor tectonism, i f  any.
V e r t ica l - inc l ined  (hor izonta l)  crosscutting s t y lo l i t e s  are formed 
by extreme overburden and tectonic  pressure during fo ld ing or ver t ica l  
loading. V e r t ica l - inc l ined  (hor izonta l)  crosscutting s t y lo l i t e s  represent 
inclined s t y lo l i t e s  that have been displaced by fractures which la te r  
developed into ve r t ica l  s t y lo l i t e s .  The incl ined or horizontal 
s t y lo l i t e s  formed f i r s t  and the ver t ica l  ones la te r .
The interconnected network originates because of intense tectonic 
pressure (Park and Schot, 1968 a & b). Type A (Fig. 9 c) f ingers are 
sometimes greater than amplitude of the bedding they are associated with. 
Type B (Fig. 9 c) represents a s t y l o l i t e  network w ith in the rock that has 
usually been affected by intense tectonic pressure. They are characterized 
by low amplitude with undulating surfaces, and inc l ina t ion  to the bedding 
ranges from horizontal to v e r t ic a l .  Because of the recrystal 1izat ion 
that occurred in the "upper Hasmark" th is  s t y l o l i t e  to bedding re la t ion  
is not commonly viewed.
Rocks of the "upper Hasmark" l i tho fac ies  i l l u s t r a te  that there were 
two stages of s t y lo l i t i z a t i o n .  F i r s t ,  the horizontal form developed early 
in the diagenesis and cementation of the sediments. The s t y lo l i t e  seams 
probably served as passages fo r  the Ca/Mg r ich  solutions in the laminated 
sediment and the algal s tromato l i te  sediment a f te r  the cementation process 
had started (discussed under Cementation, p. 36). Dolomitization of the 
study area is thought to be related to the passage of high Mg solutions
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from the algal area caused by ion d i f fus ion  away from the v i c i n i t y  of 
high Mg concentration to areas of less concentration (discussed under 
Dolomit izat ion, p. 37). The horizontal phase of s t y l o l i t i z a t i o n  is be­
lieved to have occurred in most rocks of the study area. Although 
horizontal forms are not recognizable in the recrystal 1ized and granular 
dolomites, lamination type structures are observable, and I believe 
they are a resu l t  o f  f i r s t  phase s t y lo l i t i z a t i o n .
A second phase o f  s t y l o l i t i z a t i o n , represented by intraconnected 
network and v e r t ic a l - in c l in e d  (hor izonta l)  crosscutting s ty lo l i t e s  
probably developed during la te r  diagenesis under condit ions extreme 
overburden and intense tectonism a c t i v i t y .  The exact formation time 
fo r  s t y l o l i t i z a t i o n  in the Hasmark is  not known. However, fol lowing 
the in terpre ta t ions of Bathurst (1971), s t y lo l i t e s  must be pre-complete 
cementation in o r ig in  (discussed under Cementation, p. 36).
Cementation
Due to the dolomit izat ion of the rocks of the study area, the exact 
re lat ionship between o r ig ina l  grain and cement is not known. However, 
work by Ball (1967), Barret t  (1964), Lucia (1968), Purdy (1964),
Bathurst (1971), and others provide us with knowledge of early cementation 
of carbonate sediments. Subtidal algal mats from Berry Island i l l u s t r a te  
that the top .25 cm. of  the sediment tends to coalesce (Bathurst, 1971). 
These mats are suber ia l ly  exposed, and even at extreme low t ide they are 
under approximately 15 cm. o f  water. Nevertheless, the cementation is 
strong enough to withstand moderate to strong currents. Cementation 
can s ta r t  during deposit ion, but the main phase begins during early
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diagenesis. This is closely associated with the time of  development 
of horizontal s t y lo l i t e s  (discussed under S ty lo l i t e s ,  p. 32). Rocks 
of  the algal boundstone l i tho fac ies  best i l l u s t r a t e  th is  process. The 
presence in the "upper Hasmark" of "birds-eye" structures, in ferred to 
represent gas bubbles in so f t  sediment, suggests that cementation had 
started before decay of the algal sheaths. According to Bathurst (1958) 
and Heald (1956), s t y lo l i t e s  provide a passageway fo r  the carbonate cement 
w i th in  the pa r t ly  cemented rock. According to Park and Schot (1968 a & b), 
the calcium/magnesium cement is produced by a volume reduction of 35 to 42% 
that accompanies s t y l o l 1t i z a t i o n . This is enough material to provide 
cement fo r  large areas of sediment. According to Bathurst (1971), 
s ty lo l i t e s  must be pre-cementation in o r ig in ,  beginning in sediments that 
are only pa r t ly  or l i g h t l y  cemented, such as the f ine-grained carbonate 
muds and algal mats of the subtidal zone, with the cementation process 
carried on by a release of CaCOg from the carbonate muds. At th is  time, 
the magnesium is released from the algal sheath (discussed under Dolomi­
t iza t io n ,  p. 37). The evidence o f  gas bubbles and the presence of ho r i ­
zontal s ty lo l i t e s  provide (Photo Plate 9 b) support fo r  an early stage 
of cementation fo r  at  least the laminated boundstone and bedded algal bound­
stone. The fac t  that desiccation features are lacking supports the sub­
t ida l  submarine cementation process described by Friedman (1964). The 
known presence in recent sediments of cohesive algal mats, f ine-laminated 
carbonate mud and oo l i tes  makes the process acceptable.
Dolomitization
The ve r t ica l  sequence o f  dolomitized rock changes from section to 
section with in the "upper Hasmark". This s e le c t i v i t y  must have been
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contro l led by e i ther  the f l u i d  source or the rock nature. Textura lly  
the dolomite ranges from microcrystal 1ine to coarse mosaic, with 
rhombs of  dolomite well developed at the expense o f  the dolomite mosaic. 
For generations, geologists have been puzzled as to the or ig in  of 
dolomite, and some e a r l ie r  workers advocated a process of d i rec t  pre­
c ip i ta t io n  from sea water. However, the large body of research work 
accumulated on th is  subject o f  dolomit izat ion since World War I I  has 
shown tha t  d i rec t  p rec ip i ta t ion  of the dolomite mineral is highly un­
l i k e ly .  Theories resu l t ing  from th is  work have proposed an or ig in  of 
dolomite which involves the replacement of aragonite or ca lc i te  by 
magnesium-rich brines soon a f te r  deposit ion.
Penecontemporaneous replacement may resu l t  from two main processes:
(1) "cap i l la ry  concentration" of the i n t e r s t i t i a l  waters by intense 
evaporation in in te r t id a l  and spert idal areas causing a dolomite crust 
to develop on the carbonate mud f l a t s ,  and (2) "Seepage-Refluxion"
(Adams and Rhodes, 1960), which proposes that dolomit izat ion is caused 
by dense hypersaline brines re f lux ing seaward under a barr ie r  and 
through porous carbonate sediment to produce dolomite. Both processes 
have type areas and models, and whatever the mechanics involved, both 
methods can explain many of the dolomite sections in the geologic record. 
Although the two processes explain most of the thick-bedded or massive 
dolomites, they y ie ld  no sa t is fac to ry  explanation fo r  closely in te r ­
bedded dolomite and limestone (Friedman and Sanders, 1967). In 1973, 
Gebelein and Hoffman proposed an explanation fo r  the th in  bedded dolomites, 
suggesting that the algal sheath material provided a location fo r  the 
concentration of magnesium l iberated during decomposition of the sheath
39
and the excess magnesium caused dolomit izat ion of the algal lime mud.
Rocks of the "upper Hasmark" of the study area may have been dolomitized 
by th is  process rather than by an evapor i t ic  process which would be 
required under the "ca p i l la ry  concentration" or "Seepage-Refluxion" 
theories. The "upper Hasmark" does not contain evidence of evaporite 
sequences, or a ba rr ie r  system that would produce an area of hypersaline 
brine nor does i t  contain beds representing in te r t id a l  or supertidal 
zones. These facts ,  along with the abundant laminated l i th o fac ies ,  
support the hypothesis o f  Gebelein and Hoffman (1973).
The recrystal  1ized dolomite probably represents la te r  diagenesis 
and/or tectonism, which formed the granular and recrystal 1ized dolomites 
during second stage s t y lo l i t i z a t i o n .  Because of the early development 
of cement in the laminated boundstone and bedded algal boundstone, 
and the resu lt ing development of  a complex network of horizontal 
s t y lo l i t e s  (Photo Plate 7 a & b), the to ta l  recrystal 1izat ion and 
dolomit izat ion of these beds may have been hindered. There are other 
factors besides cementation and s t y lo l i t i z a t i o n  related to the select ive 
massive dolomi t iz a t io n ,  such as permeabil i ty,  par t ice l  size and chemical 
factors,  and the re la t iv e  s o lu b i l i t y  of the carbonate minerals, (e .g . ,  
as Friedman (1964) pointed out, high-magnesium ca lc i te  par t ic les  are 
easily replaced by low-magnesium ca lc i te  even when aragonite is reta ined). 
This process would reverse the re la t ive  s o lu b i l i t y  of the pa r t ic les ,  
leaving the re la t i v e ly  more soluble aragonite available fo r  dolomit izat ion 
This reversal could have taken place during early diagenesis of the area, 
causing select ive do lomit izat ion to occur. The s t y lo l i t i z a t i o n  and the 
s o lu b i l i t y  could have caused the la te r  massive recrystal 1izat ion of some 
of the "upper Hasmark".
CHAPTER VI 
SUMMARY AND CONCLUSIONS
The "upper Hasmark" was deposited during a complete transgressive/ 
regressive cycle.
The absence of desiccation features, such as curled algal mats, 
polygonal type features, e tc . ,  supports the subtidal environment 
postulated fo r  th is  area.
Carbonate muds and stromato l i te  algal mats dominated deposition 
during the transgress!ve phase (Cederia and Crepicephalus faunal zones) 
of the early "upper Hasmark".
During the regressive phase (Aphelaspis and Dunderbergia faunal zones) 
posit ive areas to the west, and westward flowing streams draining the 
craton provided an in f lu x  o f  quartz sand throughout la te  "upper Hasmark" 
deposition.
During "upper Hasmark" deposition the study area was a subtidal 
zone of deposit ion, crossed by subtidal channels, the area was subject 
to occasional storms. Across the area, the depositional environments 
were constantly f lu c tu a t in g ,  and thus providing a non-definable cyc l ic  
pattern of deposit ion fo r  the l i tho fac ies  of the "upper Hasmark" because 
of the select ive massive do lomit izat ion.
The o r ig in  of the dolomite is thought to be related to the decom­
posit ion of algal sheaths, releasing Mg, th is  solut ion moved along 
horizontal s t y lo l i t e s  which developed during the early stage of cementation
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During la te r  diagenesis, the second phase of s t y lo l i t i z a t i o n  
occurred causing select ive massive dolomit izat ion.  These s t y l o l i tes 
were related to overburden and tectonism.
Throughout most of the study area, the middle shale is an identi  
f ia b le  member of the Hasmark Formation.
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PHOTO PLATE 1
Figure A. The th in ly  laminated, wavy-bedded, algal un i t
Figure B. A contact between a f ine ly- laminated, a lga l ,  dolomite 
un i t  and a medium c ry s ta l l in e  dolomite.
Figure C. The f ine  to medium c ry s ta l l in e  dolomite which normally 
exhib i ts  no d i s t i n c t  surface features.
Figure D. The "ca lc i te  twig" l i k e  structures that occur in the 
f ine  to medium c ry s ta l l in e  dolomite.
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Figure A. The f inely- laminated c ry s ta l l in e  dolomite, with 
laminations that  range from .1 to 5 mm.
Figure B. A common chert nodule that is found in the f ine  to 
medium c rys ta l l in e  dolomite.
Figure C. A chert nodule w i th in  the f inely- laminated c ry s ta l l in e  
dolomite with laminations.
Figure D. Magnesium nodule which is  commonly found in the f ine  
to medium c ry s ta l l in e  dolomite.
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Figure A. Thin lamination of f ine  to medium quartz grains 
standing in r e l i e f  over the c ry s ta l l in e  dolomite, 
from the sandy c rys ta l l in e  dolomite.
Figure B. Clast from in t ra c la s t i c  c ry s ta l l in e  dolomite l i t h o  
facies, the clasts are chips of f inely- laminated 
dolomite and algal boundstone.
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Figure A. Thin laminations of s i l t  and sand size quartz
occurring in a matrix o f  medium c ry s ta l l in e  dolomite 
A horizontal s t y l o l i te occurs below the quartz 
lamination.
Figure B. A l ternat ing l i g h t  to dark tan colored laminations re­
lated to crystal s ize, dark lamination, f ine  
c ry s ta l l in e  dolomite and the l i g h t  lamination is of 
medium c ry s ta l l in e  dolomite. The white crosscutting 
1ines are s t y lo l i t e s .
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Figure A. Pel le ta i  mud occurring between the laminations, and 
some f ine  quartz sand. This is from the laminated 
boundstone c rys ta l l in e  dolomite.
Figure B. A ca lci sphere-1ike feature which is occasionally 
found in the laminated boundstone c rys ta l l in e  
dolomite l i th o fa c ie s .
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PHOTO PLATE 6
Figure A. Thin laminations of s tromato l i te  mat algae, composed
of f ine  c rys ta l l in e  dolomite, with horizontal s t y lo l i t e s  
associated with the lamination. The s t y lo l i t e s  are 
the white l i n e - l i k e  features.
Figure B. The common c ry s ta l l in e  dolomite mosaic with dolomite 
rhombs overgrowing the dolomite mosaic. This is 
common of recrystal 1ized dolomites.
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Figure A. The lamination of th is  rock occurs because of the 
size re la t ionsh ip  of the c rys ta l l in e  dolomite. 
Note the network of s ty lo l i t e s  that has developed 
w i th in  the rock.
Figure B. The mottled nature of the granular mottled dolomite 
un i t  is related to the s t y lo l i t i z a t i o n .
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Figure A. Granular dolomite appears brecciated because of 
the development of the interconnected network of 
s t y lo l i t e s .  They are the white l i n e - l i k e  features
Figure B. This algal boundstone shows the gas bubbles which 
are formed by the decomposition of the algal 
sheaths. Horizontal s t y lo l i t e s  formed during the 
early stage of cementation: are the white l i n e - l i k e  
features.
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APPENDIX B 
MEASURED SECTIONS
The fo llowing is a l i s t  o f  measured sections used in th is  
report.  The sections were measured during the summer and fa l l  
of 1972-1973 (Fig. 1). A f iv e  foot Jacob s ta f f  and brunton compass 
were used, and the sections were numbered with paint at 10 to 15 
foot in te rva ls .
1. Alberton NÊ  SŴ  sec. 1 T. 15 N. R. 23W.
2. Six-mile NE%, NE%, sec. 34, T. 15N. R. 22W.
3. Cramer Creek NW%, Sec. 3, T. 12 N, R. 15W.
4. Lower Willow Creek SW%, sec. 36, T. 10 N, R. 14W.
5. Princeton SŴ , sec. 14, SE  ̂ sec. 15, T. 8N, R. 13W.
6. Hasmark sec. 30, T. 7N, R. 13W.
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Appendix C
Alberton Section Location; NE 1/4 SW 1/4 sec. IT. 15N. R. 23W.
Cambrian: Unit Total
Red Lion dolomite: would be the next un i t ,
above the Hasmark at the Alberton Section.
The upper portion of the Hasmark and Red Lion 
formations were removed by erosion.
1. Sandy c ry s ta l l in e  dolomite: medium to large 30' 489'10'
(90 to 200 microns) c ry s ta l l in e  dolomite.
Coarse dolomite rhombs (130-150 microns).
Quartz is angular sand size. Sand lamination 
occur in the dolomite matr ix, in the upper 
and lower few fee t .
Covered Interval 31"0"
2. Laminated bound stone c rys ta l l in e  dolomite: f ine  6'0"
c ry s ta l l in e  (30 to 50 microns) dolomite. Fine
dusty rhombs of dolomite are overgrowing the 
matr ix.  Dolomite rhombs appear to produce 
medium sized laminations, and horizontal 
s t y l o l i t i c  generally fol lows the lamination.
3. Bedded algal boundstone: algal mat units ranging 5'6"
from .05 to 3.0 mm. Dolomite matrix is  f ine
(40 to 60 microns) c ry s ta l l in e  algal laminated.
Horizontal s t y lo l i t e s  fo l low the algal i n te r ­
facies.
4. Laminated boundstone c ry s ta l l in e  dolomite: f ine  6'0"
c rys ta l l in e  (40 to 60 microns) dolomite. Very
f ine  clear rhombs of dolomite are overgrowing 
the dolomite matr ix.  Birdseye structures occur 
along with the dolomite rhombs produces f ine 
lamination, appearance and horizontal s tyo l i tes  
fol lowing these lamination.
5. Recrystal 1ized dolomite: coarse (140 to 200 23'6"
microns) subhedral dolomite. Clear dolomite rhombs 
medium (60 to 80 microns). Crystal and rhombs
are t i g h t l y  inter locked. Quartz medium (60 to 
80 microns) sand, subangular with no lamination.
S ty lo l i te s  are randomly located w ith in  the un i t .
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Covered Interval
6 .
9.
10
11
Laminated boundstone c rys ta l l in e  dolomite: 
f ine  c ry s ta l l in e  (30 to 60 microns) dolomite.
Very f ine  to f ine  clear rhombs of dolomite over­
growing the matrix. Horizontal s t y lo l i t e s  
produce a f in e ly  laminated appearance, with the 
c lear dolomite rhombs occurring along the 
lamination.
Sandy laminated c ry s ta l l in e  dolomite: medium
(80-100 microns) c ry s ta l l in e  dolomite, patches of 
dusty medium (60 to 90 microns) dolomite rhombs 
occur. Horizontal s t y lo l i t e s  produce the f ine 
lamination, along with the dolomite rhombs.
Laminated boundstone c ry s ta l l in e  dolomite: 
same as un i t  number 6.
In te rc la s t ic  c rys ta l l in e  dolomite: medium
c rys ta l l in e  (80 to 100 microns) dolomite. Fine 
(30 to 50 microns) quartz sand are intermixed 
with medium (80 to 100 microns) dusty dolomite 
rhombs. Subrounded c lasts of laminated bound­
stone are randomly located withwthe un i t .
Recrystal 1ized dolomite: 
number 5 only the quartz 
the upper 10 feet of the
same as un i t  
sand only appears 
un i t .
in
Granular mottled dolomite: coarse (150 to
200 microns) subhedral dolomite, with medium 
(80 to 120 microns) dusty and clear dolomite 
rhombs. Medium (80 to 100 microns) sub­
rounded quartz occur w i th in  th is  un i t .  In te r ­
connected network s t y lo l i t e s  are abundant 
with th is  un i t .  Ghost c las t  features are 
present in the lower few feet.
Covered Interval
12. Granular mottled dolomite: s im i la r  to un i t
number 11, the ghost c las t  features are present 
throughout un i t ,  and no quartz was id e n t i f ied  
in th is  un i t .
Unit 
20  " 0 "  
2 ' 0 "
2 ' 6 '
5'0"
5'2"
37 "0"
21 " 0 "
30'0" 
12'6"
T o ta l
387*10'
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Covered Interval 26' 284'8'
12. Laminated boundstone c ry s ta l l in e  dolomite: 5'0"
Same as un i t  number 6.
14. Recrystal 1ized dolomite: coarse (130 to
200 microns) subhedral dolomite, clear 
dolomite rhombs f ine  to medium (40 to 80 
microns). The rhombs and matrix are completely 
inter locked. Interconnected network type 
s t y lo l i t e s  are randomly located w i th in  th is  
un i t .  No quartz was iden t i f ied .
15. Laminated boundstone c ry s ta l l in e  dolomite: 13'7"
f ine  c rys ta l l in e  (30 to 60 microns) dolomite.
Fine clear rhombs are overgrowing the dolomite 
matrix. Birdseye structures and oo l i tes are 
present in the upper two feet of the un i t .
Both features are horizontal to the f in e ly  
laminated bedding. Horizontal s t y lo l i t e s  gen­
e ra l ly  fo l low the bedding.
Covered Interval 21'0"
16. Granular mottled dolomite: s im i la r  to un i t  36*1"
number 11, the only d i fference is the medium
(80 to 100 microns) quartz only appear in 
the upper top 3 feet of  un i t .
17. Laminated boundstone c ry s ta l l in e  dolomite: 5'0" 
medium (80 to 100 microns) dolomite. Medium
clear rhombs are overgrowing the dolomite 
matrix. Fine lamination occur and h o r i ­
zontal s t y lo l i t e s  generally fo l low the 
bedding.
Covered Interval 20'0"
18. Recrystal 1ized dolomite: same as un i t  1'6 
number 14.
19. Laminated boundstone c ry s ta l l in e  dolomite: 5'6' 
s im i la r  to un i t  number 17, with pe l le ts
and o o l i te  structures occurring along the 
f ine  lamination.
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20. Bedded algal boundstone: algal mat 13'8" 132'6"
units ranging from .05 to 3.5 mm.
Dolomite matrix is f ine  (40 to 50 microns) 
c ry s ta l l in e  algal laminated. Fine (30 
to 60 microns) quartz sand occurs along 
the algal surface. Horizontal s t y lo l i t e s  
fo l low the algal in te r fac ies .
21. Laminated boundstone c rys ta l l in e  dolomite: 7"2" 
s im i la r  to un i t  number 19. In the upper
2 feet dolomite is f ine  (30 to 60 microns) 
c ry s ta l l in e  with f ine  clear rhombs over­
growing the matrix. Fine (30 to 60 microns) 
quartz is  abundant in the upper 2 feet.
22. Recrystal 1ized dolomite: Same as in 5 ' 
un i t  number 14.
Covered In te rva l .  15*0"
23. Recrystal 1ized dolomite: same as in 7'0"
un i t  number 14.
24. Laminated boundstone c rys ta l l in e  dolomite; 4'4"
medium (80 to 100 microns) dolomite. Medium
clear rhombs are overgrowing the c rys ta l l in e  
dolomite matrix medium 
lamination occur and horizontal and some 
ve r t ic a l - in c l in e d  (hor izonta l)  cross­
cutt ing s t y lo l i t e s  occur.
25. Recrystal 1ized dolomite: same as un i t  ^ '2"
number 14 and 23.
26. Laminated boundstone c ry s ta l l in e  dolomite: 5'2"
same as un i t  number 24.
27. Recrystall ized dolomite: same as un i t  5'0"
number 14, 23 and 25.
Base of un i t  is covered by general slope
covered with grass and pine trees 45'0"
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2 .  Six-mile Section: Location NE 1/4, NE 1/2, Sec. 34, T. ISN. R. 22W 
Cambrian:
Red Lion Dolomite. Dark to Medium Purple 
Mottled S i l t y  Dolomite.
Unit Total
1. Sandy C rys ta l l ine  Dolomite: medium c rys ta l l in e  26'6" 96'0" 
(80 to 110 microns) dolomite, large patches of
clear dolomite rhombs, (60-100 microns). Medium 
subangular quartz sand grain. Some appearance 
of bedding by the quartz s tr ingers .
2. Laminated Boundstone Crys ta l l ine  Dolomite: medium 7'
c ry s ta l l in e  (80 to 100 microns) dolomite. Clear 
dolomite rhombs overgrowing c ry s ta l l in e  dolomite.
20 to 30% f ine  quartz sand. Clast of shale l i k e  
or laminated and pe l le ta i  f ine  c rys ta l l in e  dolomite.
Highly s ty lo t ize d ,  horizontal only in te r ­
connecting network types.
3. Granular Mottled dolomite: coarse (150 to 200 10'
microns) subhedral dolomite. Patches of clear
medium dolomite rhombs. Unit  has a very mottled 
appearance, relates to the s t y l o l i t e  pattern 
which occurs. Medium to f ine quartz sand occurs in 
lenses type patterns.
4. Recrystal 1ized Dolomite: medium to coarse (80 to 18'
200 microns) c ry s ta l l in e  dolomite. Clear medium 
dolomite rhombs over growing the coarser c rys ta l l in e  
dolomite matrix.
5. Laminated Boundstone C rys ta l l ine  dolomite: medium 5'
(80 to 90 microns) subhedral dusty dolomite, 
laminations 0.5 cm th ick  with a l te rnat ing l i g h t
to dark colored. Light colored lamination have 
abundant c lear  medium dolomite rhombs, and h o r i ­
zontal s t y lo l i t e s .  Laminations and rhombs show 
horizontal and/or ve r t ica l  re la t ionsh ip  to the 
s t y lo l i t e s ,  generally horizontal to the laminations.
6 2
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6. In t ra c la s t ic  c rys ta l l in e  dolomite: medium 3'6" 30'0"
(90 microns) c ry s ta l l in e  dolomite, patches of
f ine  (40 to 50 microns) dusty dolomite rhomb 
occur randomly in the matrix. Locally patches 
of f ine  quartz sand is abundant. Abundant rounded 
c lasts of f in e ly  laminated dolomite and a lga l-  
l i k e  boundstone.
7. Laminated boundstone c rys ta l l in e  dolomite: 3'0"
s im i la r  to the un i t  number 5 above.
8. In te rc la s t ic  c rys ta l l in e  dolomite: s im i la r ,  but 2'0"
the c las t  are subrounded some of  the dolomite
rhombs are generally c lear.
9. Laminated boundstone c rys ta l l in e  dolomite: 5'6"
f ine (40 to 50 microns) subhedral dolomite.
Laminations 0.5 to 1.0 cm th ick .  A lternat ing
l i g h t  and dark color ing. The s t y lo l i t e  - 
lamination re la t ion  s im i la r  to un i t  5 above. Fine 
quartz sand present in only small amounts.
10. Recrystal 1ized dolomite: mostly coarse 5'0"
(140 to 200 microns) c ry s ta l l in e  dusty dolomite,
only local patches o f  medium to f ine  c rys ta l l in e  
dolomite. Well developed network of i n te r ­
connecting s t y lo l i t e s .  Fine to medium clear and 
dusty dolomite rhombs. Fine quartz sand randomly 
located w ith in  un i t .
11. Laminated boundstone c ry s ta l l in e  dolomite: 7'6"
s im i la r  to un i t  number 2.
12. Bedded algal boundstone: 3'6"
Base - covered in terva l  - but s t i l l  "Upper Member" 
of the Hasmark.
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Cramer Creek Section Location: NW 1/4, Sec. 3, T. 12, N, R. 15W.
U n i t  T o t a l
Cambrian:
Red Lion Formation, rust red s i l t y  dolomite
Covered Interval 27'0" 443'6'
1. Sandy c ry s ta l l in e  dolomite: medium to large 
(90 to 200 microns) c ry s ta l l in e  dolomite.
Coarse dolomite rhombs 140-150 microns. Quartz 
is subangrular to angular sand size. Sand 
lamination occurs in the dolomite matr ix,  
in the upper and lower few feet.  P e l le ts /o o l i te  
features occur in the middle 4 feet of un i t .
Covered Interval 31"0"
2. Laminated boundstone c rys ta l l in e  dolomite: 5'0" 
f ine  c ry s ta l l in e  (30 to 50 microns) dolomite.
Fine dusty rhombs of dolomite overgrowing the 
matrix. The rhombs are generally located on 
the laminated surface and occur with horizontal 
s t y lo l i t e s .
3. Recrystal 1ized dolomite: coarse (120 to 200 42'2'
microns) subhedral dolomite, with sparcely
occuring clear dolomite rhombs medium (60 to 
90 microns). The rhombs and matrix are in te r ­
locked with interconnected network type 
s ty l o i i tes.
4. Bedded algal boundstone: algal mat un i t  ranging 9'0'
from .05 to 2.5 mm. Dolomite matrix is f ine
(50 to 50 microns) c ry s ta l l in e  algal laminated.
Fine (30 to 60 microns) quartz sand occurs 
along the algal surface. Horizontal s ty lo l i t e s  
fo l low the algal in te r fac ies .
5. Laminated boundstone c ry s ta l l in e  dolomite: 41'3'
f ine  c rys ta l l in e  (30 to 60 microns) dolomite,
very f ine  c lear and dusty rhombs of dolomite 
and overgrowing the matrix. A small amount of 
microcrystal 1ine chert occurs throughout the 
un i t .  Birdseye structures also occur in the 
middle 4 fee t ,  along with c las t  o f  f ine  laminated 
f ine  c rys ta l l in e  dolomite. Lamination is 0.5 to 
2.5 cm and horizontal s t y lo l i t e s  are abundant and 
generally fo l low the laminations.
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6. Bedded algal boundstone: f ine  to medium 13'4" 259'1
c ry s ta l l in e  (30 to 60 microns) dolomite with
algal bound laminae 1.0 to 4 mm. Patches of 
dusty medium dolomite rhombs are randomly located 
with the u n i t ,  horizontal s ty lo l i t e s  fo l low the 
algal laminae.
7. Laminated boundstone c rys ta l l in e  dolomite: s im i lar  13'0"
to un i t  number 5. No birdseye structures are pre­
sent and horizontal s t y lo l i t e s  only occur in the
lower foot.
8. Bedded algal boundstone: same as un i t  number 6. 13'8"
9. Laminated boundstone c rys ta l l in e  dolomite: same 5*0"
as un i t  number 7 with subangular quartz
sand occurring throughout the un i t .
10. Bedded algal boundstone: f ine  c rys ta l l in e  3"8"
(30 to 60 microns) dolomite with algal bound
laminae 1.5 to 2 mm. Patches o f  clear medium 
(60 to 80 microns) dolomite rhombs randomly 
located with the laminae. Patches of o o l i te /p e l le ts  
are w i th in  the laminae.
11. Granular mottled dolomite: coarse (150 to 200 3'6"
microns) subhedral dusty dolomite, patches of f ine ,  
c lear dolomite rhombs. Interconnecting cross­
cutt ing horizontal s t y lo l i t e s  occur in the un i t .
12. Laminated boundstone c rys ta l l in e  dolomite: 3 ’ 4"
s im i la r  to un i t  numbers 7 and 9 only no quartz
sand occurs w ith in  the u n i t ,  and the s ty lo l i t e s  
occur in the lower part of the un i t .
13. Bedded algal boundstone: same as un i t  numbers 3'8"
6 and 8.
14. Laminated boundstone c ry s ta l l in e  dolomite: 2 ‘ 6"
s im i la r  to un i t  number 9, only there is no quartz 
present w i th in  the un i t .  Horizontal s t y lo l i t e s
are abundant throughout the un i t .
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15. Bedded algal boundstone: f ine  to medium
c ry s ta l l in e  (30 to 60 microns) dolomite with 
algal bound laminae 10 to 4 mm. Patches of 
dusty medium dolomite rhombs are randomly located 
w i th in  the un i t ,  generally horizontal s ty lo l i t e s  
fo l low the algal laminae.
16. Granular mottled dolomite: coarse (140 to 200
microns) subhedral to euhedral dusty dolomite.
The coarse c rys ta l l in e  matrix gives the un i t  an 
enterlocking mosaic nature. Fine quartz sand is 
present in minor amounts.
17. In te rc la s t ic  c ry s ta l l in e  dolomite: f ine to medium
(50 to 100 microns) c rys ta l l in e  dolomite, patches 
o f  f ine ,  c lear dolomite rhombs. Fine c las t  patches 
of laminated f ine c ry s ta l l in e  dolomite. Patches
of p e l le ts /o o l i t e  features occur in the middle of 
the un i t .
18. Laminated boundstone c rys ta l l in e  dolomite: 
s im i la r  to un i t  number 12.
19. In te rc la s t ic  c ry s ta l l in e  dolomite: f ine to medium 
(50 to 100 microns) c ry s ta l l in e  dolomite, patches 
of f ine ,  clear dolomite rhombs. Fine c las t  patches 
of laminated f ine  c ry s ta l l in e  dolomite. Patches
of p e l le ts /o o l i t e  features occur in the middle of 
the un i t .  Fine quartz sand is present throughout 
the un i t .
20. Recrystall ized dolomite: s im i la r  to un i t  number 3
21. Bedded algal boundstone: algal mat un i t  range
from 0.5 to 3.5 mm. The dolomite is f ine  grained 
with f ine MO to 70 microns) c rys ta l l in e  algal 
laminations. Only a few horizontal s ty lo l i t e s  
occur between the laminations.
22. Recrystall ized dolomite: coarse (150 to 200
microns) dusty c ry s ta l l in e  dolomite, f ine to
medium dusty and clear dolomite rhombs showing 
evidence of overgrowing the coarser matrix.
U n i t
5*6'
Total 
197'7'
6 ’ 9‘
2 ' 6 "
7'0" 
7 "3"
8 ' 3 "  
5'0"
5'2'
6 6
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23. In t ra c la s t ic  c ry s ta l l in e  dolomite: f ine  to 5*0“ 100'2“
medium (50 to 1-0 microns) c rys ta l l in e  dolomite,
patches of f ine  clear and dusty dolomite rhombs.
Fine c las t  patches of laminated f ine  c rys ta l l in e  
dolomite occur in the un i t .
24. Bedded algal boundstone: f ine  c rys ta l l in e  15'2“
(30 to 70 microns) dolomite with algal bound
laminae 1.5 to 2.5 mm. Patches of clear and 
dusty dolomite rhombs randomly located with in  
laminae. Fine subrounded quartz size sand occur 
along laminae, in the middle 2 feet of un it .
Horizontal s t y lo l i t e s  generally fo l low laminae.
25. Laminated boundstone c ry s ta l l in e  dolomite 2'6"
s im i la r  to un i t  numbers 12 and 18.
26. Recrystal 1ized dolomite. Coarse (120 to 200 12'6"
microns) subhedral dolomite, with sparcely
occurring clear and dusty dolomite rhombs 
medium (60 to 90 microns). Interconnected 
network type s t y lo l i t e s  are abundant w i th in  
the un i t .
27. Bedded algal boundstone: s im i la r  to un i t  10'5“
number 24, the f ine  subrounded quartz size
sand occurs randomly throughout the un i t .
28. Laminated boundstone c rys ta l l in e  dolomite: 8 '0 “
s im i lar  to un i t  number 9.
29. Bedded algal boundstone: s im i la r  to un i t  
number 27, p e l le ts /o o l i t e  patches occur 
throughout the un i t .
30. Granular mottled dolomite: coarse (150 to 28'0"
200 microns) subhedral to hedral dolomite,
with medium (80 to 120 microns) dusty dolomite 
rhombs. Interconnected network s ty lo l i t e s  
are abundant in th is  un i t .  Medium (60 to 
100 microns) quartz only appears in the upper 
3 feet of un i t .
Covered Interval
along with a change in slope. H ' 0 “
Base O'O"
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Lower Willow Creek Location; SW 1/4, Sec 36, T. 10 N. R. 14 W.
Cambrian:
Upper Hasmark: Has been removed by erosion and fau l t ing ,
reported by Maxwell (1959).
Unit Total
1. Sandy c ry s ta l l in e  dolomite: medium c rys ta l l in e  48'7" 394'11"
(80 to 120 micron) dusty dolomite, with random
patches of dusty f ine dolomite rhombs. Angular 
medium quartz grains, form bedding or laminations 
in the lower ha l f .  Near the middle o f  un i t  
medium c las t  of  f ine c rys ta l l in e  dolomite.
P e l le ts /o o l i te  type structures appear in the 
lower th i rd  of the top th i rd .
2. Sandy laminated c rys ta l l in e  dolomite: f ine  to 6"2"
medium (40 to 100 microns) dusty c rys ta l l in e
dolomite angular to subangular f ine  quartz 
grains form laminar surface.
3. Bedded algal boundstone: f ine c rys ta l l in e  55'4"
(30 to 60 microns) dolomite with algal bound
laminae 2.0 to 4.0 mm. Patches of clear and 
dusty f ine  dolomite rhombs randomly located 
w i th in  laminae. Horizontal and interconnecting 
s t y lo l i t e s  abundant generally fol lowing 
laminae. The top ha l f  of the un i t  contains 
f ine grained quartz. Fine and medium sized 
c las t  of algal material are present w i th in the 
upper 3 feet and middle of the un i t .
P e l le ts /oo l i tes  features near the top and bottom 
of the uni t .
Covered Interval 25'0"
4. Granular mottled dolomite: coarse (150 to lO'O"
200 microns) subhedral to euhedral dusty
dolomite, patches o f  f ine  dusty dolomite 
rhombs, the un i t  has a mottled appearance be­
cause o f  the rhombs to matrix appearance 
even without the s t y lo l i t e s .
6 8
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5. Laminated boundstone c rys ta l l in e  dolomite: 41'0" 249'10"
f ine  c ry s ta l l in e  (30 to 60 microns) dolomite,
very f ine clear and dusty rhombs of dolomite 
overgrowing the matrix. A small presence o f  
m icrocrys ta l l ine  chert occurs in the upper 
5 feet of un i t .  Birdseye structures some 
collapsed also occur in the upper 3 feet along 
with c las t  of f ine  laminated f ine  c rys ta l l ine  
dolomite. Lamination is 0.5 to 3.0 cm and 
horizontal s t y lo l i t e s  are abundant generally 
fo l  lowing the lai ii inations.
6. Bedded algal boundstone: f ine  to medium IB'O" 
c ry s ta l l in e  (30 to 80 microns) dolomite with
algal bound laminae 2.0 to 4.0 mm. Patches 
of dusty medium dolomite rhombs randomly are 
located w i th in  the laminae. Horizontal 
s t y lo l i t e s  fo l low algal laminae.
7. Granular mottled dolomite: coarse (150 to 50'0"
200 microns) subhedral dolomite, with medium
(80 to 120 microns) dusty and clear dolomite 
rhombs. Medium (80 to 120 micron) quartz 
subrounded integrated with in the upper 5 
feet and the lower 7 feet.  Interconnected net­
work s t y lo l i t e s  are abundant w ith in th is  un it .
8. Bedded algal boundstone: s im i la r  to un i t  5'0"
number 6 with the addit ion of medium (80 to
120 microns) quartz subrounded located 
in the laminae along with the horizontal 
s t y l o l i t e s .
9. Recrystall ized dolomite: coarse (120 to 33'8"
200 microns) subhedral dolomite, with clear
dolomite rhombs medium (60 to 90 microns).
The rhombs and matrix are completely in te r ­
locked with interconnected network type 
s t y lo l i t e s  located w i th in  the un i t .
10. In te rc la s t ic  c ry s ta l l in e  dolomite: medium 4'7"
c rys ta l l in e  (80 to 100 microns) dolomite 
with medium (80 to 100 microns) dusty 
dolomite rhombs overgrowing the dolomite 
matrix. Clast of laminated boundstone sub­
rounded to rounded and oo l i tes  are abundant.
Lamination is 0.5 to 2.5 mm and horizontal 
s t y lo l i t e s  are also present.
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11. Bedded algal boundstone: f ine  c rys ta l l in e  5'0" 127"7"
(30 to 60 microns) dolomite with algal
bound laminae 1.5 to 2 mm. Patches of clear 
medium (60 to 80 microns) dolomite rhombs 
randomly located w ith in  laminae. Patches of 
o o l i te /p e l le ts  are w i th in  the laminae. Hori­
zontal s t y lo l i t e s  generally fo l low laminae.
12. Laminated boundstone c rys ta l l in e  dolomite: 6'7"
s im i la r  to un i t  number 5. Quartz is
randomly located throughout the un it .
13. Recrystal 1ized dolomite: identical to 18'7"
un i t  number 9.
14. Laminated boundstone c rys ta l l in e  dolomite: lO'O"
f ine  c ry s ta l l in e  (30 to 60 microns) dolomite
f ine (30 to 60 microns) c lear and dusty 
dolomite rhombs overgrowing the matrix.
Horizontal s t y lo l i t e s  produce a laminated 
nature and the dolomite rhombs are located 
along these laminations.
15. Recrystal 1ized dolomite: s im i la r  to un it  11'2"
number 9 only medium (60 to 80 microns)
quartz sand subhedral randomly occur with in  
un it .
16. In te rc la s t ic  c ry s ta l l in e  dolomite: s im i lar  5'0"
to un i t  number 10. Medium (60 to 80 microns)
quartz sand subhedral randomly occurs w ith in 
uni t .
17. Bedded algal boundstone: ident ica l to 18'9"
unit  number 6.
18. Granular mottled dolomite: s im i la r  to 12'6'
un i t  number 4 only the quartz appear in
the lower 3 feet of  un i t .
19. Recrystal 1ine dolomite: medium to coarse ^0 ^
(80 to 180 microns) subhedral dolomite,
clear and dusty medium (60 to 80 microns) 
dolomite rhombs. Matrix and rhombs are 
t i g h t l y  in ter locked. Quartz medium 
(60 to 80 microns). Sand, subangular with 
no apparent lamination. V e r t ica l - inc l ined
70
Unit Total
(hor izonta l)  crosscutting s ty lo l i t e s  are 
randomly located w ith in  un it .
Base of section is grass and tree covered with o'O"
no apparent slope brake.
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Princeton Location SW 1/4, Sec. 14, SE 1/4 Sec. 15, T. 8N, R. 13W
Cambrian: Unit Total
Red Lion Formation; rust  red s i l t y  dolomite 50'
covered in terval
1. Sandy c ry s ta l l in e  dolomite: medium to coarse 29'6" 344’ 10"
(80 to 200 microns) c rys ta l l in e  dolomite, with
randomly scattered patches of c lear and dusty 
medium (60 microns) dolomite rhombs, Subangular 
f ine  quartz sand grains forming str ingers or 
laminations in the c rys ta l l in e  matrix about the 
middle of the u n i t ,  plus medium c last  of f ine 
dusty c ry s ta l l in e  dolomite. Also chert present.
2. Laminated boundstone c rys ta l l in e  dolomite: 7'0" 
medium (60 to 100 microns) c rys ta l l in e  dolomite,
f ine  to medium dusty rhombs of dolomite over­
growing the matrix. Fine size quartz sand forms 
laminations.
3. Granular mottled dolomite: coarse (140 to 200 5'9"
microns) c ry s ta l l in e  nature gives the un i t  an 
in ter lock ing mosaic nature.
4. Recrystal 1ized dolomite: coarse (150 to 200 9'6"
microns) dusty c ry s ta l l in e  dolomite, f ine  to
medium dusty and c lear dolomite rhombs showing 
evidence of overgrowth the coarser matrix.
Medium to f ine  quartz is present. Fine, chert 
is present. Medium c las t  of medium c rys ta l l in e  
dolomite occur randomly.
Covered Interval 30’ 6"
5. Bedded algal boundstone: the algal mat l i k e  16*0"
units range from 1 to 2.5 mm. The dolomite is
a f ine with some very f ine  (10 to 35 microns) 
c ry s ta l l in e .  Upper th i rd  o f  the un i t  the non- 
algal laminations contain o o l i t e /p e l le t  type 
structures. The middle th i rd  contains f ine  
quartz sand grains w ith in  the non-algal lam 
inat ions. Small algal laminated c las t  are 
present in the las t  2 or 3 feet.  S ty lo l i te s  
occur between a l l  laminations.
72
U n i t  T o t a l
6. In t ra c la s t ic  c ry s ta l l in e  dolomite: medium 5'0"
c ry s ta l l in e  (80 to 100 microns) dolomite.
Medium c las t  of laminated/bedded algal bound­
stone, plus minor amounts of f ine  grained quartz.
The matrix of  the medium c rys ta l l in e  and the 
c las t  gives the un i t  a mottled nature.
7. Recrystal 1ized dolomite; s im i la r  to un i t  number 16'6"
4, but without the quartz sand.
8. Bedded algal boundstone: s im i la r  to un it  number 4'4" 225'10"
5. The small algal laminated c las t  are randomly 
occurring w ith in  the un it .
Covered Interval 7'0"
9. Laminated boundstone c rys ta l l in e  dolomite: 18'0"
s im i la r  to un i t  number 2, only th is  un it  wi th in
the upper 6 feet contains f ine  pe l le ts /o o l i tes  
structure along the lamination/bedded,
10. Bedded algal boundstone: ident ical to un it  lO’ O"
numbers 5 and 8. Small algal laminated c last
are randomly occurring with in the un i t .
11. Sandy laminated c ry s ta l l in e  dolomite: medium 2 '0“
(80 to 110 microns) dusty c rys ta l l in e  dolomite.
Minor amounts o f  angular quartz sand.
12. Laminated boundstone c rys ta l l in e  dolomite: 2'0"
s im i la r  to un i t  number 20 except no lamina­
t ions,  plus the present of small amounts of 
microcrystal 1ine chert randomly located
throughout the u n i t .
13. Sandy laminated c ry s ta l l in e  dolomite: s im i lar  4'0"
to un i t  number 11 except the laminations which
range from 0.2 to 0.5 cm. in thickness. In te r ­
bedded are o o l i t e /p e l le t  l i k e  structures
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14. Recrystal 1ized dolomite: medium to coarse 40'6"
c ry s ta l l in e  (120 to 200 microns) dolomite,
subhedral to euhedral, which give the un i t  a 
mottled or in ter lock ing mosaic. Fine to medium 
clear to dusty dolomite rhomb also fo r  a smaller 
sized mosaic w i th in the coarser matrix. The middle 
th i rd  contains f ine  grained quartz sand, also top 
and bottom foot of the un i t .  At the 20 foot in te r ­
val p e l l e t /o o l i t e  structure are present.
15. Bedded algal boundstone: ident ical to un it  6 ‘ 6"
numbers 5 and 10.
16. Laminated boundstone c rys ta l l in e  dolomite: medium 3'0"
(50 to 100 microns) c ry s ta l l in e  dolomite with
f ine clear dolomite rhombs overgrowing the matrix.
Thin lamination (0.5 cm.) of a l ternat ing 
l igh t /da rk  colored.
17. Bedded algal boundstone: s im i la r  to un i t  8'6" 128'6'
numbers 5 and 10. This un i t  contains no
quartz sand,
18. Laminated boundstone c rys ta l l in e  dolomite: 4'6"
identica l  to u n i t  number 16.
19. Recrystal 1ized dolomite: identical to un i t  9'6"
number 7.
20. Laminated boundstone c ry s ta l l in e  dolomite: 5'0"
f ine  c ry s ta l l in e  (30 to 60 microns) dolomite,
very f ine  clear and dusty rhombs of dolomite 
overgrowing the matrix. Birdseye structures 
are present, some collapsed along some lamina­
t ions, c lasts of  f ine  laminated f ine c rys ta l l in e  
dolomite, w i th in  the 0.5 to 2.5 cm. laminations.
21. Granular mottled dolomite: identical to un i t  lO'O"
number 3.
22. Recrystal 1ized dolomite: s im i la r  to un i t  number 8'0"
7 except the upper ha l f  contains minor amounts
of f ine  grain quartz sand.
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23. In te rc la s t ic  c ry s ta l l in e  dolomite: medium 2*0"
c ry s ta l l in e  (60 to 90 microns) dolomite,
f ine  c las t  o f  laminated algal boundstone, 
with minor amounts of f ine  subrounded quartz 
grains.
24. Laminated boundstone c ry s ta l l in e  dolomite: 14'0" 
ident ica l to un i t  number 12.
25. Sandy laminated c ry s ta l l in e  dolomite: f ine  to I'O"
medium (40 to 100 microns) dusty c rys ta l l ine  
dolomite. Fine 0.5 to 1.0 cm. laminations with 
subangular quartz. Medium clasts to f ine 
c ry s ta l l in e  dolomite, minor amounts of f ine
crystal l ine  chert.
26. Laminated boundstone c rys ta l l in e  dolomite: IS'O" 66'0"
medium c ry s ta l l in e  (70 to 100 microns) dolomite,
f ine  dusty dolomite rhomb patches randomly 
overgrowing the matrix. Laminations are 0.5 
to 1.0 cm. with p e l le ts /o o l i t e  l i k e  structure 
interbedded, no a l te rnat ing colored laminae.
27. Bedded algal boundstone: the algal mat l i k e  4'0"
units range from 1.0 to 3.0 cm. The dolomite
is f ine  c rys ta l l in e  with some very f ine  (10 to 
30 microns) dolomite horizontal s ty lo l i t e s  are 
well developed generally formed along the 
laminae surface. Small amounts of microcrysta l l ine 
chert is  interbedded with the algal material.
28. Laminated boundstone c ry s ta l l in e  dolomite: 6'0"
s im i la r  to un i t  number 26, except f ine  grained
quartz sand forms s t r ingers .
29. Sandy laminated c ry s ta l l in e  dolomite: identical 6 ’ 0"
to uni t  number 11.
30. Recrystal 1ized dolomite: s im i la r  to un i t  number 16'0“
number 17, except the upper 4 feet is laminated.
Ranging from 0.5 to 1.0 cm.
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31. Granular mottled dolomite: coarse (150 to 8'0"
200 microns) subhedral dusty dolomite, patches
of f ine  dusty dolomite rhombs. Fine quartz sand 
present in minor amounts. Interconnecting cross­
cut t ing (hor izonta l)  network s ty lo l i t e s  gives the 
un i t  a mottled appearance.
32. Laminated boundstone c rys ta l l in e  dolomite: s im i lar  11*0"
to un i t  number 26.
Base O'O"
Covered Interval 71'0"
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Hasmark Section Location Sec. 30, T. 7N. R. 13U. Unit Total
Cambrian:
Red Lion Dolomite: Rust red s i l t y  dolomite
covered in te rva l  below.
1. Sandy c rys ta l l in e  dolomite: medium (80-170 microns) 47'6" 375'
c ry s ta l l in e  dolomite, patches of clear and dusty
medium (60-80 microns) dolomite rhombs. Quartz 
is subangular to angular sand size. Sand 
str ingers or l i ke  lenses with in the dolomite matrix 
gives a bedded appearance. Larger quartz grain 
appear to f low in the c rys ta l l in e  dolomite matrix.
Clast and pe l le ts  and/or oo l i tes  appear in the top 
th i rd  o f  the un i t .
2. Recrystal 1ized dolomite: coarse (130 to 200 microns) 57'6"
dusty c ry s ta l l in e  dolomite, f ine  to medium dusty
and clear dolomite rhomb showing evidence o f  over­
growth of the c rys ta l l in e  dolomite matrix. Medium 
to f ine  quartz and appears in the upper two-thirds 
and is  lacking from the bottom th i rd .  Pel le t  or 
oo l i tes  ghost- l ike  features occur in the middle of 
the un i t .
Covered Interval 23'
3. Laminated boundstone c ry s ta l l in e  dolomite. Fine 26'
c ry s ta l l in e  (30 to 60 microns) dolomite. Very
f ine  clear rhombs of dolomite overgrowing the matrix.
Birdseye structure present in the top ha lf  with 
only minor amounts in the upper few feet,  
collapsed birdseye structures producing medium size 
laminated c las t .
Lower th i rd  has abundant amounts of f ine  quartz 
sand following laminations. Horizontal s ty lo l i t e s  
generally fo l low laminations.
4. Sandy laminated c rys ta l l in e  dolomite: f ine  to medium 3*6"
(50 to 100 microns) dusty c ry s ta l l in e  dolomite.
Fine 0.. to 0.5 cm lamination with subangular to 
angular size quartz, sand str ingers forms the 
lamination w i th in  the dolomite matrix. O o l i te /pe l le ta l  
l i k e  structures occur along lamination.
5. Laminated boundstone c ry s ta l l in e  dolomite: 10' 
s im i la r  to un i t  number 3, but lack the abundant 
birdseye structure.
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6. Recrysta ll ized dolomite: coarse (110 to 6'
200 microns) dusty c rys ta l l in e  dolomite.
Medium dusty dolomite rhombs showing a over­
growing. The dusty dolomite forms an in te r ­
locking pattern.
7. Bedded algal boundstoneralgal mat units range 29'6‘
from 1.0 to 2.5 mm. Dolomite is  very f ine
grained (25 to 40 microns) c rys ta l l in e  matrix.
In some of the laminae there are oo l i te s /  pe l le ta i  
type structures, and f ine quartz sand randomly 
occurs w ith in the un i t .  Horizontal s ty lo l i t e s  
occur between a l l  laminations.
8. Laminated boundstone c rys ta l l in e  dolomite: f ine  8'
c ry s ta l l in e  (30 to 60 microns) dolomite, f ine  clear 
rhombs of  dolomite overgrowing the c rys ta l l in e  
matr ix.  P e l le ts /o o l i te  type ghost structure present, 
also a few birdseye structures. Fine to medium c las t  
o f  f ine  c ry s ta l l in e  dolomite with very f ine  clear 
dolomite rhombs.
9. Granular mottled dolomite: coarse (150 to 200 4' 
microns) subhedral dusty dolomite. Patches of
f ine c lear dolomite rhombs. Interconnecting 
crosscutting (hor izonta l)  network s t y lo l i t e  
gives the un i t  a mottled appearance.
Covered Interval 15'
10. Granular mottled dolomite: s imi lar to un i t  number 16* 
9, the lower th i rd  contains f ine  grained quartz, 
without appearanced laminations.
11. Laminated boundstone c ry s ta l l in e  dolomite: 10* 
s im i la r  to un i t  number 3.
12. Bedded algal boundstone: algal mat units range 21'6
from .05 to 3.5 mm. Dolomite is  of f ine  grained
(40 to 70 microns). Fine quartz size sand only 
occurs in the upper 5 feet of un i t .
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13. Laminated boundstone c rys ta l l in e  dolomite: 8'
f ine  to medium (30 to 90 microns) c rys ta l l in e  
dolomite, f ine  clear and dusty dolomite rhombs.
Fine grained quartz sand randomly present in 
the lower ha l f  of the un i t .
14. In te rc la s t ic  c ry s ta l l in e  dolomite: f ine  to 2'
medium (50 to 100 microns) c rys ta l l in e  dolomite.
Patches of f ine  c lear dolomite rhombs. Fine
c las t  patches of laminated f ine  c rys ta l l ine  
dolomi t e .
15. Granular mottled dolomite: s im i lar  to un i t  4'
number 9, without the s t y lo l i t e s .
16. Recrystal 1ized dolomite: identical to un i t  7'
number 2.
17. In te rc la s t ic  c ry s ta l l in e  dolomite: 1*
identica l  to un it  number 14,
18. Laminated boundstone c rys ta l l in e  dolomite: 1'
f ine  c ry s ta l l in e  (30 to 60 microns) dolomite,
f ine to medium dusty rhombs of dolomite, with 
small c lusters o f  rhombs overgrowing the matrix, 
f ine  sized c las t  of  very f ine  dolomite, with 
very f ine  clear dolomite rhombs.
19. Bedded algal boundstone: s im i la r  to un it  5'
number 7. The o o l i te s /p e l le ta l  type
structures occur in the upper 3 feet of  un i t  only.
20. Laminated boundstone c ry s ta l l in e  dolomite: 3'
f ine  c rys ta l l in e  (30 to 60 microns) dolomite,
medium dusty rhombs of dolomite. Fine quartz 
sands which give the u n i t  o f  laminated nature.
Medium sized subround laminated c lasts.
21. Bedded algal boundstone: s im i la r  to un i t  number 6'6'
number 7.
Covered Interval 28'
22. Bedded algal boundstone: s im i la r  to un i t  5'6"
numbers 7 and 21.
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23. Laminated boundstone c rys ta l l in e  dolomite: 7'6"
ident ica l to un i t  number 20.
24. Bedded algal boundstone: the algal mat units 2'6"
range from 1.0 to 3.0 mm. Dolomite is f ine 
c ry s ta l l in e  with some very f ine (10 to 30 microns) 
dolomite. Clear f ine  dolomite rhombs occur randomly 
w i th in  the un i t .  Horizontal s ty lo l i t e s  are well 
developed generally fo l low the laminae. Small
amounts o f  microcrystal 1ine chert are in te r ­
bedded with the algal material.
25. Recrystall ized dolomite: s im i la r  to un it  number 12'6"
2 except no pe l le ts  or o o l i te  ghost- l ike
features. Small amounts of microcrysta l l ine 
chert randomly occurs w i th in  the un i t .
Base O'O"
Covered Interval 82'
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Appendix D
Lochman's Depositional Environments 
of the Cambrian of North Amerlca/U.S,
LEGENT-^Figures 9-11 on the fol lowing pages. Genera known to date only 
in miogeosyncl1nal assemblages. Known or very probably l ines of descent. 
Time-stratigraphy of the Faunal Zones
Series
Upper
Cambrian
Stage 
Trempealeauan
^ Franconian
Dresbachian
Middle Cambrian
Faunal Zone
Saukia Zone
Prosaukia Subzone
Ptychaspis Subzone 
Conaspis Zone 
Elvinia Zone
Dunderbergia Zone
Aphelaspis Zone
Crepicephalus Zone
Cedaria Zone
Bolaspidella Zone 
Bathyuriscus-Elrathinia Zone
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REGRESSION TRANSGRESSION
MIOGEOSYNCLINE CRATON
Outer Shelf Inner Shelfs "o
O  S- 
- I  o Zone A
CL) C  
Q . fO Saukid Zone
CD f O  
S -  QJ
Prasaukia Subzone
Ptychaspis Subzone
Conaspis Zone Lion
Li_
Elv in ia Zone Dry Creek Sh.
Dunderbergia Zone UpperCL
Q _
Aphelaspis Zone Hasmark
Creplcephalus Zone
Cedarla ZoneQ
Middle HasmarkBolaspidella Zone
Bathyurlscus- 
Elrathlna Zone Lower Hasmark
Lateral and temporal re lat ions of faunal zones to the 
transgressive and regressive phases of sedimentation.
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(IA) L i t t o r a l —transgressive and Tithotopy, A clean, well-sorted 
quartz sand, commonly with r ipp le  marks and cross-bedding, is in te r ­
preted as a high energy beach environment. The thickness of the un it  
is h igh ly  variable and a quartz pebble conglomerate may be present
at the base. In some of the th icker sections members of coarse 
granules and pebbles may alternate with sand members and occasionally 
red shales may appear (Templeton, 1950). The beds are u n fo ss i l i -  
ferous except fo r  sporadic patches of innumerable comminuted ina r t icu la te  
brachiopod valves.
(IB) L i t t o r a l —regressive sand l i th o top e . A clean, wel l -sorted, 
coarse-grained quartz sand with common cross-bedding is interpreted as 
a high energy beach environment. The un i t  is never more than about
60 metres th ick  and thins toward the outer shelf .  The lower beds 
may contain patches of foss i l  fragments but otherwise the unit  is 
e n t i re ly  unfossi 1 i fe rous .
(2A) Tidal ( in te r t id a l  to in f ra t ida l) - -sand  l i tho tope . These 
sand f l a t  deposits are characterized by th in ly  bedded, poorly sorted, 
g lauconit ic  quartz sands grading v e r t i c a l l y  and la te ra l l y  into lenses 
of s i l t ,  shale, granules, and d i r t y  limes. Some areas are extensively 
burrowed and unfossi1i fe ro u s , others have many lenses of foss i l  f rag­
ments. Intraformational pebble conglomerates may be few or numerous.
The l i thotope extended from the supratidal zone to the in f ra t id a l .
The energy varied from low to high in t ida l  channels. Actual deposit ion 
was very sporadic and s l ig h t .  Tides and currents reworked the material 
at the in terface and slowly moved i t  towards the sub l i t to ra l  zone.
(2B) Tidal ( in te r t id a l  to in fra t ida l) - -mud l i th o top e . This 
environment of mud f la t s  is characterized by s i l t  and clay, th in ly  
bedded and with f ine  glauconite grains, grading la te ra l ly  into d i r t y  
limes and f ine  sand. The deposits are unfossil i ferous except fo r  rare 
in a r t icu la te  brachiopod valves. Intraformational pebble conglomerates 
may be few or numerous and very coarse. The l i thotope extends from the 
supratidal zone to the in f ra t id a l  and the energy is predominantly low 
with rare high-energy episodes. Actual deposit ion was sporadic and 
slow.
(2C) Tidal (lagoon)--sand/mud l i th o to p e . Limited areal sites 
of f ine-grained e las t ics  trapped behind a barr ie r  are located adjacent 
to the shore and characterized by few fo s s i l s ,  occasional carbonate 
debris, and th in ly  laminated beds. The energy is predominately low.
(2D) Tidal (algal shoals)—carbonate l i th o to p e . Extensive shoals 
developed widely over the outer she lf  and extended across the inner 
she lf  nearly to the shore, depending upon the presence of clear normal 
sea water. Stromatolites occupied s i tes extending from the supratidal 
zone to the in f ra t id a l  zone and ranging from low-energy lagoons to 
high-energy t ida l  channels. Fossil fragments were o r ig in a l ly  common, 
but have been destroyed by the prevai l ing early  diagenetic dolomit izat ion
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(2E) Tidal ( in te r t id a l  to I n f r a t j d a l ) —carbonate ooze l i th o to p e . 
Lime mud f la t s  with minor amounts of argil laceous clay and/or f ine  
quartz sand or s i l t ,  as impuri t ies or th in beds or lenses. Medium 
to f ine  glauconite grains are loca l ly  abundant. Rounded, medium- 
sized, f la t -pebb le  conglomerates are usually common, as well as the 
th in  m ic r i te  beds, Fossils are scattered, but of moderate abundance, 
often concentrated as a coquina matrix of the pebble conglomerates.
The l i tho tope usual ly grades la te ra l l y  into 2B with the increase in 
f ine  c la s t ic  materia l ;  and on the in f ra t id a l  side may grade into 3C.
(3A) Sub l i t to ra l  she l f—argil laceous sand l i th o top e . A moderately 
sorted, argil laceous or s i l t y ,  quartz sand occurs as the seaward 
continuat ion o f  2A. Glauconite may be abundant and calcareous cement 
is common. The clay may occur as matrix, as thin shale partings in 
thin-bedded sands, or uncommonly as shale sequences or lenses up to 
3 or 4 meters th ick .  Scattered foss i l  debris is abundant. Ripple 
marks and current cross-bedding are present as well as th in  layers of 
rounded pebble conglomerates. The water depth Is with in the in f ra ­
l i t t o r a l  range and the environment passes seawards by gradual increase 
of  carbonate beds and lenses into one of the carbonate environments,
2D or 3C,
(3B) Sub l i t to ra l  shelf--sandy mud l i th o top e . This is an environ­
ment of re la t i v e ly  l im ited areal extent on the shelf  which has a sub­
stra te  o f  f in e  sand, s i l t ,  f ine  clauconite grains, clay, and 
occasional rounded frosted sand grains. I t  may develop seawards of 
2B and represents areas where the water was quiet enough most of the 
time to accumulate predominately the winnowed f ines. T ra i ls ,  burrows, 
and scattered shells o f  in a r t icu la te  brachiopods may occur, but 
foss i ls  are not abundant. I t  appears usually as local th in beds or 
lenses passing la te r a l l y  by increase of lime into the d i r t y  limes of 
2D or 3C.
(3C) Sub l i t to ra l  shelf--carbonate l i th o top e . Thin to medium- 
bedded limes, with small amounts of sand, s i l t ,  or clay, developed
most frequently on outer shelf  s i tes ,  but can extend close to the shore
In f r a l i t t o r a l  water depths of medium to high energy are distinguished 
from 3A and 3B by the absence of most terrigenous-derived material and 
from 2D by greater water depths. Fossils may be absent, scattered,
or lo ca l ly  very abundant, and o o l i te  beds and lenses may be loca l ly
abundant. Size sort ing o f  the organic debris may occur. The un it  
occurs now as c ry s ta l l in e  limestones in which any dolomit izat ion can 
be demonstrated to be la te .
(3Ci) S ub l i t to ra l  sh e l f—a var ian t  of  the carbonate l i th o ty p e_. 
Brachiopod biostromes composed of numerous valves usually of Eoorthis 
and B i l l in g s e l la  occur most commonly during the Franconian, They 
appear to represent in -s i  tu accumulations which developed in hard- 
bottom, c lear,  medium-energy areas, probably at depths close to 45 
meters at which stromatoli tes did not or could not maintain themselves. 
The biostromes vary from 15 cms to as much as 3 meters in thickness.
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(3D) Sub l i t to ra l  shelf--swa1es--mud l i th o to p e . These are sea 
bottom areas of var iable size and shape which l i e  appreciably lower 
than the surrounding she lf  f lo o r .  They may occur in e i ther Inner or 
outer she l f  s i tes but appear to be more abundant in the la t t e r .
The low-energy, often stagnant waters of the bottoms permitted 
s e t t l in g  of the f in e s t  e last ics in th in laminae, or the slow 
accumulation of organic debris as lag concentrates in 1-2 mm laminae. 
But slumping from the surrounding shelf  shoals introduced pebble 
conglomerates, broken exoskeletons, and sand grains of varying sizes, 
often well rounded and mixed with well-rounded gluconite grains.
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ENVIRONMENTS OF DEPSOTION
lA
IB
2A
2B
2C
2D
2E
3A
3B
30
30̂
3D
Evl
E3
□
L i t t o r a l—transgress!ve sand l i thotope
L i t to ra l - - reg ress ive  sand l i thotope
Tidal ( in te r t id a l  to in f ra t ida l) - -sand  l i thotope
Tidal ( in te r t id a l  to in fra t ida l)--mud l i thotope
Tidal (lagoon)--sand/mud l i thotope
Tidal (algal shoals)--carbonate l i thotope
Tidal ( in te r t id a l  to in fra t ida l) - -carbonate  ooze
1ithotope
Sub l i t to ra l  she lf- -arg i l laceous sand l i thotope
Sub l i t to ra l  shelf--sandy mud l i thotope
Sub l i t to ra l  shelf--carbonate l i thotope
Sub l i t to ra l  shelf--carbonate l i thotope variant
Su b l i t to ra l  shelf  (swales)--mud l i thotope
Shoreli ne
Land
Key to symbols used to indicate environments of deposition in 
the series of palaeogeographical maps.
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Palacogeography and palaeoecology— Upper Cam brian, early Aphelaspis Zone.
Palacogeography and palaeoecology— U pper C am brian , laic Aphelaspis and Duncierbergia Zones
87
I
Palacogeography and palaeoecology— Upper C am brian, early Cedaria Zone.
Palacogeography and palaeoecology— U pper C am brian , Crepicephalus Zone.
